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N°... you can bring speedy, low-cost, 
localized induction heat to the work 


instead of bringing the work to the heat. 
The revolutionary new TOCCO Heat Gun 


.. a portable inductor with trigger heat control 
increases the versatility and flexibility of 
induction heating. It can be used for soldering, 


hardening, brazing, annealing, melting and 


THE OHIO CRANKSHAFT COMPANY 


> 
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forging. The gun is applicable to both ferrous 
and non-ferrous metal parts. It is especially 
valuable for (1) small runs of diversified parts 
where it often eliminates the need for special 
inductor coils, and (2) for large or complex 
parts or assemblies too bulky for easy position- 


ing in a stationary inductor coil. 


Mail the coupon for complete details. 


_. Mail Coupon Te 


THE OHIO CRANKSHAFT CO. 
Dept. T-1, Cleveland 1, Ohio 


Send details on New TOCCO Heat 
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United States More Conscious of Foreign Problems 


Now that economics, politics and 
labor-management relations are func- 
tioning a bit more smoothly in this 
country we have more time and 
energy tO pay attention to world af- 
tairs—and surely one can’t close one’s 
eyes to them, what with Greece about 


be abandoned by the British, the 


Palestine question begging for our 
participation, and aid to Turkey. 

it becomes more evident that we 

taxpayers have got to shoulder 

heavier burdens abroad. However, 

there is a fine dividing line. There is 

some danger that we will overdo our 

nelp, making foreigners less self- 

reliant. There are limits, too, to the 

bility of the great United States to 

lerwrite the entire world. 

le inherent weakness of the 

sh comes upon us as a shock. 

low productivity in Great Brit- 

i. direct result of obdurate re- 

ve practices of British trade 

s which have blocked intro- 

of modern machines and 

jues for the past 50 years,” 

Carl C. Harrington, editor, 

Factory, in the January issue. 

to obsolescence of British in- 

the American miner digs six 

- > aS much coal as the British 
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miner; the American pottery worker 
produces three times as many dishes; 
the textile worker two to nine times. 
Various crafts have jealously guarded 
their moth-eaten rights to perform 
certain jobs in long-outmoded ways. 

“A no more dramatic object lesson 
could be given to American industry 
and labor as a warning against the 
dangers of featherbedding and other 
artificial restrictions on productivity,” 
concludes Mr. Harrington. 


Let’s Look Around at Home 

Here is a company to whom one 
should doff his hat in compliment to 
its efforts to prevent inflation. The 
Cooper-Bessemer Corp. has _ estab- 
lished a new “hold-the-line” price 
policy. They openly state their intent 
to hold the line, both as to sales of 
their Diesels, gas engines and com- 
pressors, and as to their own pur- 
chases of component materials and 
parts. International Harvester has 
gone a step farther, announcing re- 
ductions in farm machinery to save 
customers $20,000,000 yearly. 

And here is an idea gleaned from 
Paul Wooton, famous Washington 
correspondent. “This certainly is the 
day of small business. The little man 


wi ya 
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is in a stronger position today than 
at any time in history. Small concerns 


have relatively larger assets than big 
ones—profits higher, sales greater 
Their total assets are 150% greater 
than in 1940, but only 55% for big 
business. By far the larger percentage 
of buying of plant and equipment has 
come from small durable goods con- 
cerns, buying relatively three times 
as much as large concerns. A one- 
man concern has no labor trouble.” 

Dun & Bradstreet, Inc., make the 
observation that for the first time in 
the history of American business, 
manufacturing failures outnumbered 
wholesaling and retailing failures in 
1946, attributed to reconversion dif- 
ficulties. 

The National Industrial Confer- 
ence Board contributes the following 
idea. Though profits in manufactur- 
ing were at peak levels in current 
dollars last year, they fell below cor- 
responding totals for 1941 and 1943 
in terms of dollars of constant pur- 
chasing power, but they were 54% 
higher than in 1939. These compila- 
tions are based on buying power of 
the dollar. 


Universe in One Easy Lesson 

“Backgrounds of the Atomic Age’ 
is an intensely interesting piece by 
Dr. F. Scandone, professor of physics, 


J) 








COPYRIGHT 1946 
GREAT LAKES STEEL CORP, 


> 








ACTUAL PRODUCTION FIGURES MORE THAN PROVE |T: 


PART A 


PART B 


PART C 


PART D 


PART E 


PART F 


PART G 


PART H 






TONS N-A-X ) 
HIGH-TENSILE 


WEIGHT IN POUNDS 


1 2 3 4 5 


.187 GAUGE 
-125 GAUGE 


Ahem cy Nile) 
.060 GAUGE 


Reh emer Nile) 3 
.060 GAUGE 


.060 GA UGE 
040 GAUGE 


.050 GAUGE 
.035 GAUGE 


.050 GAUGE 
.035 GAUGE 


Reb lemecy Wile); 
.035 GAUGE 


.062 GAUGE 
-040 GAUGE 


We have claimed that N-A-X HIGH-TEN- 
SILE can effect a 25% saving in steel. This 
graph shows the results when one lead- 
ing manufacturer switched from carbon 
steel sheets to N-A-X HIGH-TENSILE... 
utilized thinner sections with no sacrifice 
of strength...and saved up to 33% in steel. 


The change was made because of the 
unique combination of properties of 
N-A-X HIGH-TENSILE. With its 50% higher 
physical properties, it has exceptional 
formability for a high-strength steel, and 
can be formed and drawn into intricate 
shapes with little or no change in dies or 
machinery adjustments. It has excellent 


HIGH-TENSILE STEEL 





TONS CARBON 
SHEET STEEL 


% SAVINGS 


6 7 8 IN STEEL 


abe. 














, gp NAX HIGH-TENSILE 
e LOW-CARBON SHEET STEEL 


weldability, great impact toughness, high 
fatigue- and corrosion-resistance. These 
qualities not only provide a more dura- 
ble product, but often effect economies 
in fabricating and handling. Based on 
over-all costs, N-A-X HIGH-TENSILE com- 
pares favorably with carbon sheet steel. 
Today’s supply of N-A-X HIGH-TENSILE 
is insufficient to meet the demand, but 
we are looking forward to the day when 
we can fill your needs. When that time 
comes, our engineers and metallurgists 
will be glad to work with you to deter- 
mine just how much steel you can save 
by using N-A-X HIGH-TENSILE. 


GREAT LAKES STEEL 


Comporation 


N-A-X ALLOY DIVISION e¢ DETROIT 18, MICHIGAN 
UNIT OF NATIONAL STEEL CORPORATION 


MATERIALS & METHODS 
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Florence, published in 
pe, Sperry Corp. It is 
to try to digest this 
-earise in a few lines, but 


the Sper’ 


presumpt 


haps ll inspire the reader to 
investigate ! urther. | 
About 2500 years ago Democritus 
conceived the idea of the atom. Thus, 
coms very near to one another and 
strongly bound together constituted 


ck; atoms farther apart and able to 
Jide over one another constituted 
liquids; those scattered widely apart 
and moving swiftly constituted air. 
The world of Democritus is colorless, 
entless, silent and lifeless. 

Galileo explained heat as due to 
She disorderly and increasing motion 
of the “indivisibles.” In the 18th 
century Lavoisier propounded the 
fundamental law that nothing is 
created and nothing destroyed in na- 
wre. All transformation is merely 
exchange of atoms which remain 
eternal and unalterable. 

The Russian chemist, Mendeleev, 
noted that by arranging known chem- 

al elements in the ascending order 

their weight, all properties fol- 

wed a definite “rhythm,” or re- 
peated themselves after a_ certain 
: number of elements. Gaps denoted 
existence of unknowns — several of 
which were discovered later. There 
are 92 “simple bodies” in all, the 
whole world being built with 92 dif- 
ferent types of atoms. 

Hydrogen has the “atomic number” 
of 1; heltum 2; lithium 3, and up to 

tor urantum. The weight of all 


toms is expressed in multiples of 
the hydrogen weight. Thus, lithium 
is /, since a lithium atom weighs 
seven times as much as the hydrogen 
atom. As to atom size—a hundred 
million atoms aligned would measure 
an inch 

The atom, first thought indivisible, 
was found to contain another “par- 
ticle” when electricity theorists 


studied it, this particle being called 
the electron.” In metals, rushing 
electrons hit against atoms making 
them oscillate, hence conducting elec- 
(ric current. In insulating bodies 
ele S are so strongly bound in 


ositions that there is little 
rford, in 1911, demonstrated 
itom is not a homogeneous, 
le, unchangeable piece of 
but is a structure similar to 
r system, only in miniature. 
enter is a small, heavy particle 
i¢ nucleus. Electrons whirl in 
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elliptical orbits like our planets. Every 
nucleus attracts a definite number of 
electrons—hydrogen 1, uranium 92. 
Under more modern theory only the 
nucleus was indivisible and is only 
1/10,000 the size of atoms. 

Now it is apparent that nuclei of 
heavy atoms, such as uranium, ex- 
plode, liberating energy and causing 
an atom that is lighter, thus making 
the dream of old alchemists come 


protons and 146 neutrons. Thus, the 
newer theory is that the world is re- 
duced to three types of fundamental 
particles: Protons, neutrons and elec- 
trons, differing from one another 
only in the amounts of mass and elec- 
trical charge they possess. We can add 
to or subtract from a nucleus one or 
more neutrons without noticing any 
change in the atom’s properties. 
These new atoms differ only in 
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true. Radium goes through a series 
of transmutations, the end product 
being lead. By 1934 it became evi- 
dent that there are two types of heavy 
particles: One has an electric charge 
of contrary sign to the electron and 
called the proton; the other, no charge 
and called the neutron. Protons and 
neutrons attract each other to form 
a nucleus. 

The nucleus of hydrogen consists 
ot one proton only; helium, two pro- 
tons and two neutrons; uranium, 92 


weight and are called isotopes. An 
example is heavy water in which two 
heavy hydrogen atoms substitute for 
both hydrogen atoms in the HoO 
molecule. 

Important was the discovery of a 
light isotope of uranium with three 
neutrons less, or U 235. About this 
time it was found that nuclei always 
weigh somewhat less than they do in 
theory, the lack of mass being called 
the mass defect, indicating that when 
single particles associate to build up 
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You have a little scrap..and that’s what we want! 


This special message is directed to all users and fabricators of steel. The steel industry ‘ 


:' , b 
urgently needs help in securing your production and dormant scrap. 


Please consult your local scrap dealer on the segregation and shipment of your iron and 


steel scrap, according to its chemical composition. 


Check your plants for all obsolete machinery, boilers, structural and miscellaneous items. 


Move your scrap promptly, so that mills can make better deliveries on the new steel you want. 


SHARON STEEL CORPORATION 
Sharon, Feantyloania 


PRODUCTS OF SHARON STEEL CORPORATION AND SUBSIDIARIES: THE NILES ROLLING MILL COMPANY, NILES, OHIO; DETROIT SEAMLESS STEEL TUBES COMPAN’ 

DETROIT, MICHIGAN; BOPP STEEL CORPORATION, DETROIT, MICHIGAN; BRAINARD STEEL CORPORATION, WARREN, OHIO. Stainless Strip Steel — Hot anc 

Cold Rolled Alloy Steels — High Carbon Steels — Galvanite and Special Coated Products — Cooperage Hoop — Detroit Seamless Steel Tubing —- Seamless Stee 

Tubing in Alloy and Carbon Grades for Mechanical, Pressure and Aircraft Applications — Electrical Steel Sheets — Hot Rolled Annealed and Deoxidized Sheets — 
Galvanized Sheets — Enameling Grade Steel — Welded Tubing — Galvanized and Fabricated Strip Steel. 


DISTRICT SALES OFFICES: Chicago, Illi., Cincinnati, O., Cleveland, ©., Dayton, O., Detroit, Mich., Indianapolis, Ind., New York, N. Y., Philadelphia, Pa., Rochester, N. Y., 
Los Angeles, Calif., San Francisco, Calif., St. Louis, Mo., Montreal, Que., Toronto, Ont. 








qucleus some of the matter is an- 
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aihilated (hen Einstein came along 
with the theory that matter is noth- 
ing but chly condensed energy—a 
certain amount of matter can be an- 


aihilated, radiating in space an enor- 
mous quantity of energy which prop- 
ndefinitely at the tremendous 
speed of light. Conversely, radiant 
energy craveling through space can 
be stopped, congealing to create a 


agates I 


material particle. 

When a body irradiates energy it 
loses some of its mass, but the rest 
of the universe, absorbing the same 
energy, augments its mass by the 
basen amount. The whole process is 
, “distance transmission of mass.” 
Energy developed from the annihila- 
tion of one gram of matter is 25.,- 
000.000 kilowatt hours. We must 
give back to the nucleus the same 
amount of energy it lost if we want to 
split it back into its components. The 
heaviest and the lightest elements are 
the less stable. Such transmutations, 
taking place in the interior of the 
stars, explain the inexhaustible source 
of energy of heavenly bodies. 

Enrico Fermi developed the method 
of hitting a nucleus with neutron 
bullets, thus manufacturing isotopes 
from almost all the elements. U 238 
was bombarded and converted into 
U 239, which, being radioactive, con- 
verted itself into a new element, 
never before found in nature, with 
number of 93, named neptunium. 
This is also unstable and transmutes 
94, called plutonium. The last 
proved fissionable and apt to set up 
in energy-releasing chain reaction. 

And from there—continue on, 
History, and be kind to mankind! 
We at last behold the “harmony” of 
the universe which the ancients sym- 
bolized as the “music of the spheres.” 
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Liromium and the Black Men 


Strange how many of our essential 
metals are mined by black men! Re- 
member in our November, 1946, is- 
Sug ' described the mining of 
Columbium in Nigeria to the music 


is and flutes, numerous biga- 
vives and myriad offspring as- 
And in our July issue the 
tf vanadium in the Peruvian 


ps it is the mystic magic, the 
sm, the mumbo jumbo, the 
the abracadaba of these 
hat gives the valuable qualities 
metals. 
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Let's take another trip into darkest 
Africa, this time with the late C. W. 
Van Law, vice president, Rhodesian 
Vanadium Corp., and see how they 
mine chromium in Southern Rho- 
desia. Our trip has been outlined for 
us in Vancoram Review, Vanadium 
Corp. of America. 

We step aboard a freighter at New 
York, destined for Cape Town, with 
two stops in Africa enroute. The 
freighter is a “beautiful vessel, fast, 
new and beautifully equipped—for 
freight.” Passengers are an after- 
thought and eight of us are bunked 
together in a steel cubby-hole, origi- 
nally for anti-aircraft gunners. 
Twenty-five days later we are in Cape 
Town, with no laundry facilities the 
entire trip. 

Then a 1900 mile rail journey in 
a “sleeping car” as comfortable as a 
park bench. After 29 days, in Salis- 
bury, capital of Southern Rhodesia, 
“modern and bright as fresh paint” 
(containing much chrome yellow? ). 
Streets are broad, well-paved, com- 
pletely arched by trees solidly covered 
with blue and crimson flowers. 

Southern Rhodesia, the size of Cali- 
fornia, is a landlocked country in 
southeastern Africa. To the north 
and west there are only jungle or 
desert. The climate is tropical, the 
intense heat being mitigated by the 
{000-ft. elevation. Nearly  three- 
fourths of the native labor employed 
in the mines comes from further 
north. A kind white boss develops 
tremendous loyalty among the blacks. 
They follow him unquestioningly 
from one employment to another and 
constantly recruiting more relatives 
from back home. 

Gold mining is the principal in- 
terest, followed in order by tobacco, 
coal, asbestos and chromium. Chrome 
ore is a mixture of the oxides of iron 
and chromium, with such impurities 
as silica, magnesia and alumina. It 
ranges from dark brown to black; is 
hard and lumpy, or soft and friable, 
Rhodesian ore tending to be the 
latter. Weight is 220 Ib. per cu. fet. 

The chrome deposits in the Dyke 
area are unique in their mode of oc- 
curence, like layers of icing in a 
gigantic layer cake which has been 
eroded down into the rolling hills of 
i. long ridge, 35 miles north to south. 
These layers, 8 in. thick or less, are 
parallel to one another. The first 
mining consisted of “stripping” away 


the overlaying rock, then “barring” 


up the chrome layer by hand. 


Subsequently, underground opera- 
tions were begun by sinking incline 
shafts from the hillsides, following 
the dip of the chrome seam. From the 
shafts horizontal levels were driven. 
Mining resembles that in the parallel 
anthracite seams of Pennsylvania. 
Early transportation was by ox cart, 
but now by trucks, often 35 miles to 
the nearest railroad. Electric power 
has recently become available and 
ore is shipped, non-concentrated. 

The product of each pair of black 
“boys” is racked up at the mouth of 
the adit for payment on a cubic meas- 
urement basis. The ore is lowered 
from the hillside into the valley by a 
pair of buckets, run from tightly 
stretched steel cables. The descending 
full bucket pulls up the empty one. 
The railroad takes the ore to the port 
of Beira whence it is transported to 
Niagara Falls, N. Y., where it 1s 
mixed with fuel reducers in the elec- 
tric furnace. The product is ferro- 
chromium. 

So, the black men and their black 
ores give us steels that are hard, resist 
corrosion and are generally useful. 


Long, Cold Winter 


Dr. Zay Jeffries always makes good 
“copy” for the press—particularly the 
technical brethren—because of his 
fresh viewpoints, analytical qualities 
and imagination. As you turn this 
page, readers, to scan a group of pre- 
dictions under heading of “Materials 
Outlook,” we are reminded of a story 
told by Dr. Jeffries. 

The American Army engineers 
were building the Alcan highway and 
many of the engineers were side- 
tracked from highway construction to 
cut wood for keeping warm during 
the coming winter. Finally, the boss 
of construction began to worry over 
the hit-and-miss cutting, quantita- 
tively speaking, fearing they would 
get a surplus of wood and a scarcity 
in road construction. 

So, somebody suggested they con- 
sult a local Indian chief who was 
noted for his accurate weather fore- 
casting. So, bearing him a gift of an 
alarm clock, they asked him: “Chief, 
how long the winter?” 

“Ve-r-r-r-r-y long.” 

‘But chief, are you sure? And how 
do you know?” 

“Signs!” 

“What signs?” 

“White man—he cut much wood 
—long, cold winter.” 
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Metals Situation Generally more to us than anticipated. An Aus- lecting secondary aluminum dyri Tin 
Perhaps as this is read, some or all tralian metal producer, formerly 1946 and decided to hold it oy + 
of the major metals will have declined turning out copper only, is now pro- until 1947, since sales in 1946 woy mark 


in price from recent highs—in the 
case of lead an all-time high. Ap- 
parently no class has been more 
against recent high metals prices than miners have drifted back to the mines. 
the producers themselves. A few Even so, lead will scarcely be abund- 
have shown real reluctance to advance ant. An unfavorable factor is the 
prices, as indicated by a 24-hr. delay fact that inventories in hands of con- 
by one producer of lead after all other sumers are only one-third normal, 
producers had advanced and a week's compared with fully normal in case 
delay by a large copper producer. of copper. It will take considerable 
The reluctance is by no means al- lead merely to “fill the pipeline.” 
truistic, as the metals men have 
learned by experience that “the higher 
the mountains, the deeper the val- 
leys.” After World War I copper 
touched 24c, only to be down to 5c a 
very few years later. Not only have 
metals prices been high, but out of 
line with one another. Thus, the 
normal lead-copper relationship is | 
to 2. With lead at 15c recently, cop- 
per then should sell at 30c instead 
of 21'4c. Metal users, wait as long 
as you can before buying! 


ducing lead. High prices around 15c 
have brought forth much scrap from 
hiding. More old-time American lead 


have resulted in additional somewhsm In 
bloated profits on which to make igi if00 
come tax payments. Prices so far ;hjqumreak! 
year have already declined, with #08 P 
complete drop from late 1946 pei phrov 
of 3c per Ib. expected. In shone d 
dealers are now releasing their hoard we 
at declining prices. pacity 
Shift Away from Copper pe Se 
Plan to use some substitute fy 
copper where the substitute is x 
tually “just as good.” We've got « 
knuckle down as a nation to supplig 
of 100,000 tons monthly, wheresfil yace: 
present and normal consumption ifcks 
130,000 tons. Even with our 4c dutyiliRel su 


its O 
p 1froOn 
this 
tarily 
‘ the 


Zinc Becomes More Plentiful 
You already can get reasonable 
quantities of zinc and supplies will 
improve. Europe is producing the 
metal at a faster rate than anticipated, 
Belgium turning it out at the pace of 


1 


suspended or abrogated, we could acf#ln ! 
tually import only 20,000 tong™oduct 
monthly, largely from South America 5‘ 
This, plus our own 80,000 tons of - 
production, means only 100,000 tons r ‘i 
monthly to play with. Again, coppet Len 
prices will become more reasonable (1. 
when consumption is curtailed. South i T)h¢ 
America will have 50,000 tons of ex- HF cris 
portable copper monthly but willie pa 
send at least half of that to Europegsn 

to maintain goodwill of old customers. ™p4 


156,000 tons yearly, a good tonnage, 
even if less than pre-war. There is 
considerable zinc due to the fact that 
aluminum roofing has in many cases 
substituted for galvanized steel roof- 
ing because of the extreme shortage 
in sheet steel. The present price of 
llc is tops, and one can buy cheaper 
zinc by waiting a few months. 


Sheet Steel Failing of Goal 
Production of steel sheet and strip 
in 1946 was 14,000,000 
2,000,000 tons under 1941, 
just too bad, for it should have been 
that much in excess because of the 
naturally and permanently expanded 
demand. The goal for the end of 
1947 has been 19,000,000 tons yearly, 
but alas—steel makers will be lucky 
to be turning out 17,000,000 tons 
yearly then. Steel makers find it dif- 
ficult to get machinery and electrical 
apparatus. So, where you can substi- 
tute a more plentiful material, do so. 


tons, ofr 


Emphasis on Quality Metals 

In many an instance when you try 
to buy carbon steel or common alloy 
steel your distributor will suggest 
substituting a more expensive mate- 
rial, such as stainless steel or alumi- 
num, which are often relatively more 
plentiful than the cheaper materials. 
Weigh the situation, perhaps take a 
chance and buy some of the expen- 
sive substitutes. You may find that 
the better physicals and longer life 
justify the extra expense. Often you 
will find that you do not care to re- 
turn to the cheaper materials. Con- 
siderable substitution is 
perforce going on. 


which is 


Laminates for Auto Tops ich a 

Materials engineers, don’t overlook Mintil | 
the low-pressure laminates. We t-Mhe bi 
ceived these figures from an author §% Oh. 
ity. Assume you are considering 4g@usu 
special model automobile to rung*' 
10,000 units. Now as to its top ith 
Costs, plus amortization of dies, will og 
be $35 per unit for steel and $32 for bee 
the laminate. One reason laminatsi ¢... 
are not in greater demand is becausi Re 
engineers have had so little expet! Hind s 
ence with them. rere 
now ore 


Cheaper Copper Beryllium eper 
Springs : pp 
When anything becomes cheaptm®. 
that’s news. So beryllium copper col iyi, 


Lead Supply Should Improve 
Lead, extremely tight as to supply, 
should be considerably more abund- 
ant by year end, by which time it is 
safe for you to plan to use more. 
American production in 1947 should 


such 


COT 


High Scrap Aluminum Price 
Temporary 





be 450,000 tons, barring strikes, as Some of you who have investigated springs are news. Same old story wit MBece: 
against 330,000 tons last year. Aus- the possibility of making components a new product—it becomes cheapei Ai 
tralia is shipping lead here, an absent of aluminum castings found that as mass production gets under way grant 
source in 1946. New deposits have prices of secondary ingot were con- Recent improvements in m: ndrel ve | 
been found in Africa, and there is a siderably higher than when you pre- coiling equipment have more thal 
new lead smelter on that Continent. viously investigated. What happened offset increased material and labo Th 
A Canadian producer is shipping is that scrap dealers had been col- costs. Look for this trend to conrinve P 
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Plea for More Pig Iron 


there is something radi- 


arent: 
ae with our basic supply of 
; ferrous materials, pig iron and 


The war has been ended nearly 
duriy years, yet these raw materials are 
It Ove as scarce and even more erratic 
WOU market behavior than during the 
newWhl «In recent months, prices of both 
ake ine iron and scrap have been soaring, 
‘ar thigmreakish element being the higher 
vith maging prices of scrap than of pig iron. 
Throughout the war and since, the 
Peak ser the finished item has been to 
. raw state, such as iron and steel 
ings, the scarcer. An increase in 
pacity is plainly indicated and— 
e scrap supply cannot be pulled up 
its own bootstraps—an increase in 
> iron making capacity is called for. 
this department only can one vol- 
tarily step up our ability to produce, 
d the sooner we build more blast 
naces—say 10 to 20 more modern 
cks—the quicker will the iron and 
Weel supply adjust itself. 
ld acfmIn 1946 our capacity for pig iron 
tonsmmoduction was 73.3% of our capacity 
erie steel ingots, a slight improvement 
ten years, since in 1936 this figure 
ps 71.8%. Apparently the increase 
percentage has not been rapid 
PP ough and probably should be raised 
nad close to 80%. 
ouch The fact that there has been a series 
tei crises in steel scrap supplies over 
will Me past five years accentuates the seri- 
ropemmsness of the situation. During each 
ners. MeMpaign to “get out the scrap” more 
bd more obsolete engineering items, 
bch as steel bridges, were torn down 
look fin cil by now we have virtually scraped 
' f-e bottom of the scrap barrel. 
hor-@% Oh, but many will say, this is an 
g amnusual situation. In a few months or 
rungears the country will be saturated 
top vith items made of steel, and construc- 
willgeo® Of more blast furnaces would mean 
foc St that many more idle furnaces when 
epression comes. But will it be only 
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is ac. 
Z0t ty 
ppligg 
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On | 
> duty 


ns of 
tons 


aR few months rears? 
S or years! 
uM Remember that German, Japanese 
et'iind some of our allies’ steel industries 
ere badly shattered during the war. 
ore and more is the entire world 
epending on the United States steel 
. pply. Again, more and more does it 
of Our realization and responsi- 
; ility supply the world with its 
ith eCeS: S. 
Det An finally—in view of the con- 
ayReenuy greater contamination of scrap 
rele necd more and more virgin iron to 
ame’e Gown the “residuals” in the final 
exc in steel-making furnaces. 
m pig iron production is in- 
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creased by building new furnaces or by 
using oxygen blast on existing furnaces, 
output must be boosted if we are go- 
ing to meet our requirements for steel 
in the months and years ahead. 

—H. A. K. 


The Price of Materials 


While most of the price news lately 
has been bad, there are a few bright 
rays breaking through to give us some 
hope. As pointed out in this issue, 
plastics prices should come down soon 
with increased plant capacity; steel 
makers are eliminating some of the 
extra charges. Should steel go lower or 
resist the pressure to advance through 
the higher wages that are coming, 
many industrialists will be tempted co 
reduce their prices. Some already have. 

Continued actions of this sort will 
serve to deflate the over-inflated price 
structure and perhaps stave off or post- 
pone indefinitely the well advertised 
recession, scheduled for late this or 
early next year. 


—T.C. D. 


Steel for the Building Field 


For many years light gage steel has 
received rather unenthusiastic consid- 
eration as a structural material in the 
small building field. Although its pos- 
sible advantages, such as lighter weight, 
ease of handling, and lower cost as 
compared to conventional materials, 
are generally known, a number of ob- 
stacles have discouraged its wide ac- 


ceptance. Practically no design data 
have been available; there has been no 
standardization of structural shapes 
and members, and no standard mate- 
rials specifications. 

However, rapid progress is now be- 
ing made to resolve these obstacles. 
In a recent talk before the New York 
Chapter of the Society for the Ad- 
vancement of Management, Mr. Milton 
Male, an authority on the subject, 
pointed out three developments since 
1939 which are promoting more exten- 
sive use of light gage steel in building 
construction. 

First, two standard materials speci- 
fications on light gage stock have been 
established by the American Society 
for Testing Materials. Second, struc- 
tural design data on light gage steel 
has been developed by the American 
Iron & Steel Institute. Thus, a much- 
needed sound and rational basis for 
structural design with light gage strip 
and sheet (below %4-in. thick) has 
been provided. And third, the Ameri- 
can Iron & Steel Institute has also de- 
signed a series of standard light struc- 
tural shapes. Full information on these 
new shapes will be contained in a 
manual to be distributed in the near 
future, and it is very likely that the 
major steel companies will soon be 
producing them. 

However, two important problems 
of a non-technical nature remain to be 
solved. One of these is the question 
of just which group of workmen are 
“eligible” to erect the steel work for 
small buildings. In general, it appears 
that regular construction workers can 
do the work satisfactorily, but the 
structural steel erectors’ unions feel 
that this is an encroachment upon their 
domain; consequently, jurisdictional 
disputes are now prevalent. 

The other problem is one of distri- 
bution or marketing. As yet, a com- 
prehensive distribution system has not 
been devised that will make light struc- 
tural steel products as readily available 
as conventional materials to builders. 
There have been a number of possible 
distribution plans advanced. One is to 
market through the regular building 
supplies channels; another is to set-up 
distributors for the exclusive handling 
of these steel products. 

Thus, it appears that although most 
of the technical problems have now 
been solved, the maximum use of light 
gage steel in building construction de- 
pends on the solution of these non- 
technical matters. And, according to 
Mr. Male, this will probably take 
several more years. 


—H. R. C. 
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Twenty tons of polished perfection—carefully 
ground as any diamond, even more precisely 
shaped. Destined for “setting” in one of Inland s 
ciant rolling mills, this finished roll is the product 
of weeks of painstaking craftsmanship —a com- 
bination of power and precision to roll “accuracy” 
into your Inland Steel —the finest. 

Inland engineers and metallurgists are constantly 
improving the quality of Inland products .. 
expanded facilities are pushing production rates 


to new levels ...to more completely meet vour 








demand for Inland Steel as soon as possible. 


INLAND STEEL COMPANY 
38 S. Dearborn St., Chicago 3, Illinois 
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Sales Offices: Detroit, Indianapolis, Kansas City, age 
Milwaukee, New York, St. Lovis, St. Paul 
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with Plastics Prices and Supplies 


by JOSEPH V. SHERMAN 


EFORE PLANNING TO MAKE that new industrial 

part or consumer item of plastics, the prospective 

manufacturer or designer will give considerable 
thought to the availability of the basic materials and 
their probable price trends, if he is to avoid many 
headaches and much lost time later on. A spokesman 
for the plastics industry even went so far recently 
as to suggest that prospective purchasers of new 
parts of devices postpone their introduction until 
a supply of necessary materials is assured. 

Reasons for the present shortages of plastics 
materials are mumerous and varied. Like other in- 
dustries, the plastics industry has been affected by a 
series of difficulties in its sources of supply. Strikes 
in such basic lines of supply as the coal and steel 
industries, shortages of machinery and equipment, 
and other factors which have kept industry generally 
from going into high gear, have all left their mark on 
plastics. To top it all off, the demand for plastics 
has risen to unprecedented heights since the end of 
the war. Producers plan to spend between $125 
million and $145 million, from early 1947 through 

48, to expand manufacturing facilities for plastics 
materials. But it is still uncertain whether or not the 
vast expansion now under way will take care of 
industry requirements. 

[he price trend of plastics materials over a period 
of years has been generally downward, thus improv- 
ing their Competitive position relative to other struc- 
tural materials. The wide variety of raw materials 
trom which plastics can be made, together with 
unlimited potential availability, gives every indi- 

ion that, in time, problems now affecting supply 

be fully solved and the downward price trend 
med. 

Plastics are made from the same basic raw ma- 
us as are other products of the chemical industry. 
y utilize coal, limestone, petroleum, salt, cotton, 
i, air, and water. However, conversion of these 

materials into chemicals suitable for industrial 

requires elaborate plant and equipment and 

lves a great deal of processing. It is here that 

y bottlenecks in production have occurred. 

Nn getting its basic chemicals, 
compete with many 


the plastics industry 
others. Thus, it has to 
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compete with synthetic rubber for styrene, with 
fertilizer for urea, with anti-freeze for methanol, 
and with paints for pigments. These are just a few of 
the cases where the supply of plastics materials is 
contingent in part upon factors outside the industry. 

However, no generalizations will necessarily apply 
to the industry as a whole. There are about a dozen 
important types of plastics, each differing from the 
others in chemical composition and properties, as 
well as in availability and prices. Moreover, the 
situation regarding supplies and prices is subject to 
change without notice. The intelligent manufacturer 
or designer, who contemplates making new parts 
or products of plastics, will therefore first determine 
which material or materials will best do the job, and 
second, whether these materials will be available and 
at what prices. If possible, he should decide on one 
or two alternative materials, in case he has difficulty 
obtaining his first choice. But the possibilities of 
substituting one plastic for another are limited and 
in no case should important qualities desired in the 
end product be sacrificed through misapplications of 
plastics materiais. Better that he wait until he can 
get the right material for the job. 

Before discussing relative availability of the differ- 
ent materials, it may be well to point out that all 
plastics fall into two general groups—thermosetting 
and thermoplastic. Thermosetting materials set, or 
harden, when subjected to heat. They become in- 
fusible and insoluble, and further application of heat 
will not soften them. Thermoplastic materials, on the 
other hand, soften upon application of heat and 





Although the plastics supply picture 
is Improving, plant and basic mate 
rial shortages will continue to restrict 
quantities of some important resins. 
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harden upon cooling. They can be reshaped again by 
alternate heating and cooling. The two groups are as 
different as concrete and paraffin. In general, most 
thermoplastics soften at temperatures above 160 F, 
although softening points of some of the newer 
types are considerably higher than this. 

Thermosetting plastics include three important 
groups—phenolics, ureas, and melamines. These are 

made by combining phenol, urea, or melamine with 
formaldehyde. Thermoplastic materials include those 
based on cellulose nitrate, cellulose acetate (including 
the butyrate), ethyl cellulose, the vinyl compounds, 
the acrylics, polystyrene, polyethylene, and nylon. 
[It is obvious from the names of these plastics that 
they differ considerably in their chemical origin and 
that the availability of each important class must be 
considered separately. 


The Supply Situation 


The following comment on supply situations of 
the different plastics is taken from recent reports 
issued by the U. S. Department of Commerce. 

Phenolic Resins. Acute shortages of basic materials 
and labor-management difficulties have affected pro- 
duction of phenolic molding and laminating materials. 
Phenol was in short supply even prior to the strikes 
in the coal and steel industries in 1946. The supply 
position of phenol is now exceedingly tight, with 
production heavily contracted for delivery during 
1947. It is estimated that the shortage will not be 
eliminated in less than 6 to 12 months. 

Urea and Melamine Molding Powders. Availability 
of supplies of urea and formaldehyde has been a 
limiting factor in production, although new pro- 
duction units for these chemicals should improve 
the supply situation. Producers of urea and melamine 
molding powders have been operating at near Ca- 
pacity, and the current ratio of demand to supply 
is about 4 to 1. Substantial increases in production 
were achieved in 1946, and further expansion in 
facilities is under way for completion late in 1947 

Cellulose Esters. Production of these plastics in the 
forms of sheets, rods, tubes, and films during 1946 
was at a rate of 18% above 1945. However, demand 





was greatly in excess of supply, particul for 
continuous sheeting. Output has been increased anq 
consumers anticipate better availability of  fijp, 
through the use of additional facilities to | 
pleted in 1947. 

Production of cellulose acetate molding powders 
increased from 61 million lb. in 1945 to 83 million 
lb. in 1946. The ratio of demand to supply for the 
molding powder was about 3 to 1, and demand fo, 
flaked material was estimated to be in excess of supply 
by a ratio of 2 to 1, in the latter part of 1946. Sub. 
stantial increases in productive capacity for other 
special types of cellulosic plastics have been completed 
and the industry has been operating at approximately 
50% over the 1945 rate. | 

Nitrocellulose. Availability of nitrocellulose jg 
about equal to demand. Production rate at the end of 
1946 was about 20% greater than the 1945 output, 
which amounted to 15 million lb. 

Vinyl Resins. Producers of these materials have 
been operating at high production rates. The ratio 
of demand to supply for polyvinyl chloride and 
copolymer resins and for vinylidene chloride is in 
each case about 3 to 1. During the latter part of 194 
full productive capacity for these resins was not 
utilized because of reconversion problems in plants 
of producers and consumers. The end use pattern for 
the vinyls changed extensively with the shift from 
war to civilian production. The production rate in 
1946 averaged more than 50% above that for the last 
five months of 1945. 

Polystyrene Resins. Production of polystyrene resins 
has increased enormously during the past few years 
Annual production rate based on the last four months 
of 1945 was 24 million lb., while output in 1946 was 
67 million Ib. The demand-to- supply ratio in the 
latter part of the year was estimated at 2 to 1. How 
ever, increasing availability of polystyrene was in 
dicated and the rate of production at the beginning 
of 1947 was estimated to be four times the average 
rate during 1945. 

Miscellaneous Plastics. Production of acrylic, nylon 
polyethylene, and other miscellaneous plastics in 1940 
was well in excess of 1945 rates. A fourfold ex 
pansion has been possible for certain molding ma 
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Although the supply picture is improving, there is still a mad scrambie for some plastics. 
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;, and substantial capacity has been brought into 

ration for other new materials. 
Demand for laminating and industrial resins has 
been somewhat in excess of current supplies, al- 
though producers are operating at rates considerably 
above 1945 production. In some cases, operations have 
been increased by 100%. The same situation prevails 
for cast resins, particularly the phenolic type. 

Production of synthetic resin adhesives, both 

phenolics and ureas, has been considerably in excess 
of 1945. Recent operations have been from 25 to 
90° over the former period, with demand running 

about 142 times the supply. Some expansion in 

dhesive manufacturing capacity has been made, and 

addition: il facilities under way should further increase 
productive capacity. 

In order to make a last-minute survey of the supply 
situation and appraise the future outlook, the writer 
recently interviewed representatives of six leading 
companies, which account for a major portion of 
total U. S. production of plastics materials. 
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Thermoplastics Supply Improves 


A spokesman for one of the largest and_best- 
diversified producers of plastics reported that the 
shortage of thermosetting materials is still very acute 
and will probably remain tight over the next few 
months, but that there has recently been some im- 
provement in supply of thermoplastics. This company 
has sufficient plant capacity and manpower to produce 
20% more phenolic materials in 1947 than in 1946, 
but it has enough phenol to make only 70% of last 
year's output. Supply of formaldehyde was declared 
to be sufficient for the amount of phenol available, 
but insufficient for total requirements. The situation 
in the ureas was said to be better than in the phen- 
olics, but also to be tight, not only on account of the 
formaldehyde shortage, but also because of the 
amount of urea going into fertilizer. 

decline during the last few months in demand 
tor “glamor items” was noted. This, in turn, has led 
tO an increase in availability of certain materials, 
chiefly thermoplastics. Decline in demand for “glamor 
items’ was attributed to misapplications of plastics 
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during the war. Brightest spot in the entire plastics 
picture was said to be in polystyrene, in which vast 
increases in productive capacity are under way. 
Availability of polystyrene has shown definite im- 
provement since last fall. Shortages of plasticizers 
are still hampering the use of thermoplastics, notably 
the vinyls and acetates. The general situation was 
expected to remain much the same for the rest of the 
year, although possibilities of sudden change were 
not excluded. 

A representative of another large plastics producer 
with a well-rounded line of materials also said that 
the situation in the phenolics is very tight and that 
the bottleneck is in phenol. He added that polystyrene 
is now “out of the woods,” and that his company 
recently took it off the allocation list. It is now the 
only plastic not on allocation by this company. A 
general decline in demand for thermoplastics was 
noted and a resultant improvement in the avail- 
ability of these materials. 


Shortages in Basic Supplies 


A leading producer of ureas and melamines said 
that the shortage of formaldehyde continues unabated, 
and that this affects both of these types of plastics. 
No change was expected until the third or fourth 
quarter of this year, when increased supplies of 
formaldehyde may become available as a result of 
expansion in methanol productive capacity by a 
large producer. In addition, a shortage of urea was 
noted. 

One of the largest manufacturers of cellulosic 
plastics reported an improvement in the supply 
situation of cellulose acetate molding powder, and 
pointed to substantial increases in productive capacity 
planned for this year. The opinion was expressed that 
enough acetate molding powder would be available 
to meet all essential needs. However, demand for 
acetate sheets, rods and tubes is running ahead of 
supply in the ratio of 3 or 4 to 1. 

Recently, there has been some increase in prices 
of cellulosic materials, particularly in ethyl cellulose, 
which has sisen sharply, but it is hoped that no 
further price increases will be necessary in the im- 
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With all plastics having some appealing 
qualities, it is often difficult to make a 
choice. 


mediate future. Such would divert still more business 
to polystyrene, which has already gained considerably 
at the expense of cellulosic plastics. 

One of the largest producers of polystyrene said 
that the supply outlook for this plastic is becoming 
much brighter. This company and others are ex- 
panding enormously their polystyrene productive 
capacity. Styrene has been going not only into 
molded plastics but also, more recently, into paints 
and surface coatings of various kinds. Productive 
capacity is also being expanded for another thermo- 
plastic, vinylidene chloride, which, in the form of 
extruded filaments, is being used increasingly for 
making screening, upholstery, and various fabrics. 
However, a recent decline in demand for plastics was 
reported by this company. 

This general decline in demand for thermoplastics 
was attributed by a spokesman for another company 
to the business recession and reduction in consumer 
purchasing power. He said that during the war 
period and immediately after there was much money 
in the hands of war workers and service men and 
women for the purchase of luxury items. After these 
wartime savings, bonuses and the like were spent, 
demand for luxury items began to taper off. One 
result has been that such plastics materials as the 
acrylics have become more available. Some of these 
materials, which were tight a few months ago, can 
now be purchased on short order. Also, some of the 
newer plastics materials, like polyethylene, are be- 
coming available in substantial quantities and finding 
many new applications. 

From the foregoing, it is apparent that the supply 
picture for the remainder of 1947 is brightest in the 
thermoplastic materials for which productive capacity 
is undergoing rapid expansion, and for which demand 
in certain cases has recently shown some slackening. 
The supply situation is most critical in the thermo- 








setting materials in which there continues to be a 
serious shortage of basic chemicals used in their 
manufacture. 

Most seriously affected by shortages are the phen- 
olics. The phenolics are the oldest, most important, 
and cheapest of all the heat-resistant plastics, and 
have been termed the “work horse” of the industry. 
Despite the introduction of many new types of 
plastics in recent years, the phenolics are still by far 
the largest single group in commercial use. Their 
applications have been chiefly in such important 
industries as the electrical and radio, automotive, 
container, and others that supply essential goods. 
Molded phenolics are familiar everywhere in tele- 
phone handsets, electrical parts, and other items char- 
acterized by their black or brown color. Phenolic 
resins have also been widely used for bonding ex- 
terior types of plywood and in paints. 

Second most important of the thermosetting ma- 
terials are the ureas, which, although more expensive 
than the phenolics, have come into rapidly increasing 
use because of their wide color possibilities in molded 
parts. The melamines possess certain advantages over 
both the phenolics and ureas for special applications, 
but are more expensive and produced in only limited 
quantities. 

Up until recent years, the cellulose family of 
plastics accounted for the great bulk of all thermo- 
plastics used, but since the 1930's there has been a 
steady procession of new types, with the result that 
the cellulose materials have lost some of their former 
importance. Cellulose nitrate (celluloid), oldest of 
all plastics, has shown declining tendencies in recent 
years but is still used in substantial quantities. Because 
of its availability, it has been used in many cases 
where it should not be, and its flammability has been 
a serious drawback. Such misapplications have been 
largely responsible for bringing plastics generally into 
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Typical 
Prices of Plastics Molding Materials 
Material | Price Per Lb. 
Thermosetting 
Phenolic $0.15 
Urea 0.32 
Melamine 0.50 
~ Thermoplastic 
Polystyrene 0.25 
Cellulose acetate 0.50 
Vinyl 0.50 
Polyethylene 0.55 
Cellulose acetate butyrate 0.55 
Ethyl cellulose 0.68 
Acrylic 0.85 
Nylon 1.60 











disrepute, and the industry is anxious to avoid them. 
While there are many applications where cellulose 
nitrate is entirely satisfactory, there are others where 
cellulose acetate or other materials should be used. 

Cellulose acetate molding materials have shown 
rapid growth in recent years to an all-time high in 
1946. Nevertheless, there has been some displacement 
of cellulose acetate in certain applications by newer 
thermoplastic materials, particularly polystyrene. This 
is attributed in part to a widening spread between the 
prices of cellulose acetate and polystyrene. The latter 
has been reduced over a period of years to the point 
where it is the cheapest of all thermoplastic materials 
and sells at a price one-half that of the acetate. 

Many authorities believe that over the longer term 
the greatest growth in plastics will occur in such 
materials as the vinyls, the acrylics, and polystyrene. 
This is predicated on the tremendous expansion in 
productive capacity that has taken place and will take 
place in these materials, the many new uses that are 
being developed, and the possibilities of substantial 
price reductions. For example, the annual capacity 


of styrene plants used in the synthetic rubber program 
is about 400 million lb., and increasing quantities of 
styrene should be available for making plastics. One 
company alone has recently announced an expansion 
program which will increase its productive capacity 
for making polystyrene to an annual 80 million lb— 
more than total U. S. consumption in 1946. The 
price of polystyrene has shown a steady downward 
trend from 45c a lb. in the early part of 1942 to 25c, 
and it is expected to go lower. 

Some of the newer plastics materials, such as 
polyethylene, nylon, and vinylidene chloride, are also 
expected to show rapid growth as their production 
attains larger volume and new uses are developed. 
These materials are still relatively young commercially. 

The greatest gains in use of plastics over the next 
ten-year period should be scored by some of the 
newer materials. Markets and prices for the older 
plastics have been relatively well established, and, 
consequently, their opportunities for finding new 
uses or lower costs of production are relatively limited. 
The phenolics, for example, have been on the market 
many years and it is probable that they are already 
being used in most places where they are better 
adapted than other materials. Also, cost economies for 
the phenolics have been quite fully worked out and 
competition has brought their prices down to the 
point where they probably cannot go much lower. 
They are the cheapest of all plastics materials. Much 
the same reasoning would apply to the cellulosic 
plastics, which have been on the market a number of 
years. Moreover, the cellulosic plastics are limited in 
their raw material sources to cotton and wood, na- 
tural materials, for which the cost of production 
cannot be reduced very much. 

But there is still much room for future expansion 
in uses, and reduction in the cost of manufacture, of 
many of the new types of synthetic plastics which 
have been developed during the past 10 or 15 years 
and it is these which have the most interesting long- 
range possibilities. 


1946 Production of Plastics and Synthetic Resins 


Thousands 
of Lb. 


Cellulose acetate and mixed ester plastics 


Ss, ee Ss. s  cedsuusenseniannouse 19,865 








Molding and extrusion materials..................s000+++ 83,204 
103,069 
Nitrocellulose plastics 
8 8s lee cree an Be oa ae 10,932 
I i ee 7,230 
‘18, 162 
wie : 
Phenolic and other tar acid resins 
Laminating (dry basis ).............ssssscccsssssessseceees 27,606 
SE I ID iso ices qessvcnsticnentdednonstinstnxonen 15,665 
an 0s, od anannceisdelmtcemmapebaniaiiemins 140,216 
All others, including casting (dry basis)............ 57,859 
241,346 
OR oasis cicscndic cist cecbicensarioinsiebiidenntees 66,791 


Source: Bureau of the Census, U. 
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Thousands 





of Lb. 
Urea and melamine resins 
PRS CATO TID D isicenvecienvesscosteessssncadiabastbacdces 40,793 
Textile and paper treating (dry basis)................ 13,535 
All others, including laminating (dry basis)....... 3,747 
58,075 
Vinyl resins 
ES ESTE ET EE eT 21,609 
Textile and paper coating resins (resin content) 26,192 
Molding and extrusion materials (resin content) 63,590 
All others, including adhesives (resin content).... 27,466 
138,857 
Miscellaneous plastics and resins 
ID I i sens caeunnonabonen 61,289 
SN I is cscs iewaribaniniansh 35,565 
96.854 


S. Department of Commerce. 

















Closing Date Approaches for Entries for the 


1947 MATERIALS & METHODS Achievement Award 


As announced in our January issue (page 56) the 
closing date for entries in the 1947 MATERIALS & 
METHODS Achievement Award is June 30, 1947. 
This Award, established to honor those doing out- 
standing current work in the development, application 
and processing of engineering materials, will be given 
in 1947 specifically for the most significant use of 
modern engineering materials and processing methods 
to increase production and reduce the cost of 
products now being manufactured. This “theme” 
has been widely hailed as the most timely that 
could have been selected for an industrial achievement 
award in this particular year. 


Classifications 


Awards will be conferred in the following classifica- 
tions: 


(1) One Grand Award. 
(2) Three Special Awards for achievement in 
(a) selecting and applying materials, 
(b) developing new engineering mate- 
rials, and 
(c) process or equipment developments 
all resulting in increased production and 
lowered costs. 
Honorable mentions in all classifications. 





The Judges 


In the adjoining panel 
we are proud to. present 
the Committee of Award 
for the 1947 competition, 
the seven nationally promi- 
nent engineers and produc- 
tion executives who will 


hi RALPH M. HEINTZ 
appraise .the. acnievements 
PE . Vice President, Jack & Heintz Pre- 


submitted for award con- cision Industries, Inc., Cleveland. 
sideration. Inventor and developer of many 
electrical, electronic and mechanical 
devices. Co-founder of Jack & 
Heintz, which so startled industry 
by its phenomenal growth and 
production record on aircraft, Navy 
and Army equipment during the 
war (and which also won an Honor- 
able Mention in the 1946 Mate- 
rtALs & Mertrnops’§ Achievement 
Award for the development of an 
internal combustion engine making 
efficient use f light metal die 
castings). Mr. Heintz is a Fellow 
of I.R.E.; Fellow, A.I.E.E.; Mem- 
ber A.S.M.E. and S.A.E 





NORMAN L. MOCHEL LOUIS F. POLK 


Manager, Metallurgical Engineering, President of the Sheffield Corpora 
Westinghouse Electric Corp., Phila- tion, Dayton, Ohic, and of Thread- 
delphia. One of the country’s lead- well Tap & Die Co., Greenfield, 
ing specialists in, and an outstand- Mass. Was vice president anc 
ing wartime worker on, materials general manager of Sheffield’s prede- 
and processes for steam and gas cessor company, and was 
turbines and other high-temperature president of Sheffield on its forma- 
equipment Served in Engineer tion in 1941. Expert in mar 
Corps in World War I. Has spent turing and engineering prot 
entire business career with Westing- associated with machine-tools 

house Active A.S.T.M. worker, precision instruments, small 

now Chairman of Committee A-I on taps, dies, etc., his companies 
Steel, and of the Joint A.S.T.M.- acknowledged leaders in their 
A.S.M.E. Joint Research Committee Member of A.S.M.E.., S.A.J 
on the Effect of Temperature on A.S.T.E., American Gage D 
Metals. Also member of A.I.M.E.., Committee of National Bu 
A.W.S., A.S.M., A.S.M.E and Standards, and a charter mem! 


Franklin Institute the Air Power League 
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Judges 


The entries for this Award will be reviewed and 
judged by a Committee of Award comprising the 
following seven distinguished manufacturing, design 
or research executives: 


Ralph M. Heintz, Vice Pres., Jack & Heintz 
Precision Industries, Inc., Cleveland 


Norman L. Mochel, Mgr. Metallurgical Engrg., 
Westinghouse Electric Corp., Philadelphia 


Louis Polk, President, The Sheffield Corp., 
Dayton, Ohio 


A. M. Sargent, President, Pioneer Engineering 
& Mfg. Co., Inc., Detroit 


Walter Dorwin Teague, Industrial Designer, 
New York 


Sam Tour, President, Sam Tour & Co., Inc., 
New York 


]. R. Townsend, Materials Engr., Bell Tele- 
phone Laboratories, Murray Hill, N. J. 


Their photographs appear elsewhere in this article. 


Form of Entries 


Entries will be accepted from any individual, 
company or department of a company engaged in 
the manufacture or development of mechanical, 
electrical or other fabricated products or parts, or of 
materials and processing equipment for such products 
—whether or not a subscriber to, or advertiser in, 
this magazine. 

To enter, each candidate must send a formal entry 
to the Award Secretary, consisting of a statement of 
500 to 1000 words factually describing the develop- 
ment or achievement involved, with specific proof of 
its production and cost benefits. Entries should be 
addressed to: 


Fred P. Peters, Secretary, Award Committee, 
MATERIALS & METHODS, 330 West 42d St., 
New York 18, N. Y. 


The winners will be announced in the October 1947 
issue of MATERIALS & METHODS, and will receive 
their plaques and certificates at a special presentation 
dinner in Chicago during the week of October 20th. 

But remember—the closing date for all entries is 
June 30, 1947—and it will be here soon! 








A. M. SARGENT WALTER DORWIN TEAGUE 
President and General Manager, Outstanding industrial designer, with 
Pioneer Engineering & Mfg. Co. offices in New York and Los Angeles. 
Prominent production engineer, cur- Designed the first stream-lined light- 
rentiy National President of Ameri- weight railway cars. Has been de- 
” ety of Tool Engineers. signing automobiles, airplanes, cam- 
served engineering and executive eras, household appliances, machines, 
icitiés in automotive and ma- packages, etc., for over 20 years, 
manufacturing fields (Stude- frequently experimenting with new 
da Chevrolet, C. G. Spring & materials and production processes. 
Bur Co., Michigan Machine Author of “Design This Day” 
roughs, Universal Wrench), (1940) and “Land of Plenty” 
ral inventions of special (Feb. 1947). Recipient of American 
nd production devices to Design Award (1939), the Adver- 
Frequent author of trade tising Award (1940) and the Naval 
hnical articles. Has been Ordnance Development Award 
f Pioneer Engrg. & Mfg. (1946). A founder and first presi- 
of Pioneer Pump & Mfg. dent of Society of Industrial De- 

Pioneer Industries) since signers. 





SAM TOUR JOHN R. TOWNSEND 
President, Sam Tour & Co., Inc., Materials Engineer, Bell Telephone 
engineers, metallurgists and  con- Laboratories, Murray Hill, N. J. 
sultants. National authority in ma- Indefatigable and influential pro- 
terials-and-process-engineering, met- moter of materials selection based 
allurgy, foundry practice, chemical on sound economics and manufac- 
processing, tests, standards and re- turing adaptability. Served in 
lated fields, for over 30 years. From Ordnance Dept., World War I; 
1929 to 1943, vice-president of Western Electric Co., 1919-1925 and 
Lucius Pitkin, Inc.; since 1943 Bell Labs after 1925. Author of 
head. of his own firm. Prolific many technical papers on materials, 
author. Long record of technical tests and standards. During World 
society committee activity and war- War II served with several Govern- 
time service with government agen- ment organizations. Member of 
cies. Member of A.F.A., S.A.E., A.S.T.M., A.W.S., A.S.M.E., Stand- 
A.I.Ch.E., A.I.M.E., A.S.M., ards Council of A.S.A. Awarded 
A.S.T.M. and Assoc. of Consulting A.S.T.M.’s Dudley Medal in 1930. 
Chemists and Chem. Engrs. Espe- National President A.S.T.M., 1945- 
cially active in A.S.T.M., and now 1946. 


on its Executive Committee. 
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overhead position. 





All position welding can be performed with the Heliarc process. Here a corner weld is being welded in the 


Inert-Gas-Shielded Arc Welding 
for Difficult-to-Weld Materials 


by H. R. CLAUSER, Associate Editor, MATERIALS & 


INCE ITS EARLY DEVELOPMENT during the war, 
inert-gas-shielded arc welding has become a de- 
pendable and versatile welding method. It is now 

being used successfully for joining many metals and 
alloys difficult to weld by other processes. Uniform, 
high-quality welds can be obtained on such materials 
as stainless steels, aluminum and aluminum base al- 
loys, magnesium and its alloys, and many other non- 
ferrous metals. 

In inert-gas-shielded arc welding, commonly termed 

Heliarc welding, an arc is struck between the work 
and a single, virtually non-consumable tungsten elec- 


le while a monatomic inert gas flows around the 


electrode and envelopes the weld zone. The arc melts 


troc 


METHODS 


the material to be welded, and the gas shields she weld 
metal and prevents oxidation. Depending on the appli- 
cation, a welding rod may or may not be fed into the 
welding zone in much the same manner as in oxy- 
acetylene welding, but no flux is required. 

Although helium was originally used as the shield- 
ing gas, argon gas is now generally used for several 
reasons. High purity argon is available in large 
quantities; it is a heavier gas and shields the weld 
puddle more effectively; and with it, all metals can be 
welded without any flux. 

Standard welding power equipment is in general 
acceptable for gas shielded arc welding. Direct cus 
rent generators normally used for metallic arc welding 
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quite suitable. Alternating current transformers 
are also suitable, but for best operation should be 
equipped with low-power high-frequency generators. 
The high frequency current stabilizes the arc and 
allows the use of longer arcs and easier welding con- 
ditions. 

The welding torch which holds the tungsten elec- 
trode and dispenses the argon, is water cooled; the 
water circulates through the body of the torch and 
completely surrounds and cools the power cable. 


are 


Variety of Materials Can Be Welded 


The Heliarc welding process gives excellent weld- 
ing results on a great variety of materials. These in- 
clude practically all commonly welded metals such 
as stainless steel, magnesium, aluminum, Hastelloy 
alloys, Everdur and various brasses, silver, Inconel, 
copper-nickel, Monel, phosphor bronze, and nickel, 
but not carbon steel and copper. It has also been used 
with considerable success to coat silver and silver al- 
loys on steel, stainless steel and aluminum bases, and 
to apply hard surfacing rods on steel. 

Test work on stainless steel welds to date indicates 
that weld joint strength in Grade 302 is 90 to 95% 
of the base metal in ultimate tensile strength. On 
bend specimens, elongations from 48 to 60% in 2-in. 
gage length have been obtained. Analysis of the 
weld metal shows no increase of carbon; and of par- 
ticular interest, no measurable loss of chromium, 
nickel or other alloys occurs. It is believed that this 
retention of alloys, ordinarily lost, is due to the ex- 
cellent protection of the weld puddle from the at- 
mosphere. This means that filler rods without in- 
creased nickel content and in general similar to the 
base metal can be used to produce a weld joint with a 
composition equivalent to the base metal. 

Where high speeds, possible with mechanized weld- 
ing, are employed, corrosion resistance in the as- 
welded condition is usually greater than in welds made 
under similar conditions with other fusion welding 
processes. However, with poor fitup and improperly 
low current values, greater heating may take place 
in the weld area and result in undesirable carbide 
precipitations in those analyses subject to this phe- 
nomenon. 

Non-heat-treatable aluminum alloys when welded 
by the Heliarc process show average weld strengths 
equivalent to the base metal strength in annealed 
sheet. Somewhat higher values are obtained in work- 
hardened tempers. Heat-treatable aluminum materials 
will have an ultimate tensile that averages 50 to 80% 
of the heat treated condition. In these alloys the 
ductility will depend upon the alloy and previous heat- 
treatment. The corrosion-resistance of 2S, 3S and 52S 
aluminum, as measured by salt spray tests, equals the 
resistance in the annealed condition. This indicates 
superior corrosion resistance to that obtained by any 
other fusion welding method. The elimination of flux 
and the absence of danger of corrosion from incom- 
plete flux removal or entrapped flux is one of the 
major advantages of the process on aluminum. The 
process itself does not impose limitations on the se- 
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Highly valuable in joining light metals, 
Heliarc welding appears to be extremely 
practical for those other metals which 
normally present welding difficulties. 











lection of rod composition and, therefore, high purity 
(2S) welding rods can be used where desired for 
greater corrosion resistance. 

Although results of test work on Everdur welds are 
not available at present, qualifying tests for produc- 
tion use in fabrication of vessels show that an ulti- 
mate tensile strength of 50,000 psi. or better with 
an elongation of 30% is readily obtained. 


Process Characteristics 


For practical reasons it is generally considered that 
the low limit of thickness—that is, the thinnest ma- 
terial—which may be hand welded averages 1/32 in. 
The melting and distortion of material thinner than 
this is too difficult to control for successful hand 
welding. Machine welds have been made on material 
as thin as 0.005 in. in production, but these have been 
rather specialized applications that allowed close hold- 
ing of the joint shape. A greater variety of production 
applications are possible with material not thinner 
than 0.025 in. 

The maximum thickness which may be welded at 
the present time is limited by available equipment. A 
500-amp. hand welding torch now available will allow 
production plate welding as follows: aluminum with 
no preheat, % to % in. and with 300 to 400 F 
preheat, about 214 in.; stainless steel, using no pre- 


heat, up to 4 in.; Everdur with no preheat, up to %4 
magnesium up to and including 1 in. 


to 1 in.: 





MER 
In this close-up the essential elements of the Heliarc 


welding process are shown in their position relative to 
the work piece. 
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Most metals up to and including 1/16 in. can be 
welded without filler metal, and welds will be pro- 
duced having a thickness equal to or slightly greater 
than the base metal if the edges are tightly butted. 

The appearance of finished welds is especially good 
because no flux is employed and no spatter is de- 
posited in the vicinity of the weld. Under most oper- 
ating conditions the protective gas prevents heavy 
oxidation on the weld surface. For instance, in stain- 
less steel reddish to purplish oxide tint colors are 
all that remain on the surface of the weld. Therefore, 
clean-up is easier with this type of welding than with 
most other methods. Interpass cleaning is also min- 
imized. 

Easy control of amount of filler metal deposited 
provides exceptionally good contour control of the 
finished weld shape, which makes removal of excess 
weld metal unnecessary and decreases cleaning costs. 
Reports from production use show decreases of 40 to 
80% in cleaning costs as compared to standard 
metallic arc procedures. This also is important in 
casting alteration and repair where welding may be 
done on finished shapes and still maintain the foundry 
tolerances. Various treatments employed on aluminum 
to improve corrosion resistance of surfaces, such as 
anodizing, show a better color match between the 
weld zone and base metal than obtained by other 
fusion welding processes. 

The Heliarc process allows all-position welding; 
practical procedures have been developed for butt, 
lap and fillet welds in horizontal, vertical and over- 
head positions. However, as in other welding proc- 
esses, welding rates are generally higher and operator 
skill requirements less severe for welding in the hori- 
zontal position. Therefore, overall savings will be 
realized with careful planning of design and setup to 
allow as much down-hand position welding as pos- 
sible. 

The high welding rates possible and the localized 
heating zones eliminate much of the distortion com- 
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A ‘-in. thick magnesium alloy plate 
was welded with one pass. Note the 
excellent appearance of the weld 


surface. 


monly associated with fusion welding, particularly 
oxyacetylene welding of aluminum. One aluminum 
tank fabricator found it possible to reduce welding 
on an 8-ft. dia., ¥g-in. girth seam from 11 hr. to 2 hr. 
15 min. by substituting Heliarc welding for oxyacety- 
lene welding. In addition, savings were made by 
complete elimination of after- -strengthening and “a 
removal. In another case, a bus manufacturer elim- 
inated the need of after-sizing and straightening when 
welding window frames on bus sides. 


Costs 


The cost of using any welding process is made up 
of several factors in addition to the actual cost of ma- 
terials used in making the weld. Joint preparation cost 
is one of these. In many cases joint preparation using 
this process is similar to that of other welding meth- 
ods and, therefore, costs are about equal. The rate 
of welding will in many cases depend upon the type 
of joint and will sometimes be higher and sometimes 
lower than other kinds of welding. Probably the 
major cost advantage of the Heliarc process is in the 
reduction of flux removal, and of weld and inter-pass 
cleaning costs. 

To arrive at an approximate idea of actual welding 
costs, the following information is given. The major 
cost is for protective gas. Argon in high purity weld- 
ing grades averages about 10c per cu. ft. and helium 
about 8c per cu. ft. Approximately 2/2 to 3 times 
more helium is required for a given amount of weld- 
ing than is required for the same amount of work 
using argon. The cost of helium may then be ex- 
pected to be from 114 to 2 times as much. as argon. 
The following costs are based upon the use of argon 
and represent extreme conditions: welding very thin 
material, 0.025-in. thick, at the rate of 48 ipm., and 
welding 1/2-in. thick material at a total welding time 
rate of about 2 to 3 ipm. 

The gas cost for the 0.025-in. thick material is ap- 
proximately 50c per 100 ft. of weld; for the “4-in. 
thick material it is between 20 and 30 dollars per 100 
ft. of weld. Tungsten electrode costs vary from about 
1 to 3% of the gas cost; power costs from about 1 
to 5% of the gas cost, the lower percentage being 
for the light material and the high percentage for the 
heavy material. The above limiting conditions are for 
mechanical welding of the light material, while hand 
welding is assumed for the heavy material. 

To compute overall welding costs, it is important 
to know that the operating factor or arc time averages 
between 50 and 60%. This comparison with approxi- 
mately 40% by metallic arc methods is explained 
mostly by the fact that little or no inter-pass cleaning 
is required. The amount of gas consumed will be 
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equal (0 the hourly rate of flow times arc time plus 
an allowance of about 5 to 10%. The protective gas 
must not be turned off immediately when the arc is 
extinguished, because the tungsten electrode will tend 
tO oxidize and deteriorate unless the protective gas 
flow is allowed to continue until the electrode cools. 
This 5 to 10% allows for such electrode protective 


flow. 


Design Considerations 


The proper design of parts to be welded is an im- 
portant factor in the ease with which the welding 
operation is performed. For the Heliarc process, 
stainless steel, Everdur, and, to a limited extent, mag- 
nesium need not have abutting edges of the same 
thicknesses. However, in aluminum fabrication, the 
high conductivity of the metal makes it extremely 
important to have equal abutting edges. For instance, 
where castings or forged parts are to have wrought 
sheet or tube attached, the casting or forged piece 
should be tapered or machined down so that it has a 
thickness approximately equal to the wrought ma- 
terial. In some cases this may not be possible due 
to other limitations. In such instances it is possible 
to provide complete weld penetration for the depth 
of the wrought material by relieving the casting in 
the vicinity of the joint. 

Because this process employs an arc between a vir- 
tually non-consumable electrode and the work and be- 
cause the filler metal is added externally, maximum 
economy and speed are obtained when various flange 
or corner joints are used where the thickness allows. 
On joints of this type, no filler metal is required. In 
greater thicknesses, where flanging, etc., is not pos- 
sible or feasible, beveled joints are employed. The 
joint design for this process resembles, in the dimen- 
sions employed, the designs used for submerged melt 
welding rather than designs for metallic-arc hand 
welding. In this respect square butt joints are used 
in greater thicknesses than in metallic arc welding, 
and, where bevelled joints are employed, a square nose 


This tea kettle spout 
of 0.035-in. stainless 
steel was welded at 
the rate of 42 in. per 


is employed as distinct from the single bevel and no 
nose preparation common in metallic arc hand weld- 
ing. 


Welding Procedure and Technique 


In general, welding procedure and operation with 
Heliarc welding follows the same general principles 
common to other fusion welding processes. As with 
other types of welding, cleaning prior to welding is 
important and the importance varies somewhat with 
the type of material. Small amounts of foreign ma- 
terial on stainless steel and Everdur will not particu- 
larly harm the weld progress, but may result in weld 
contamination and therefore should be removed. Oil 
and grease may be removed with suitable solvents; 
scale, if any, by use of mechanical or chemical means. 

Aluminum and magnesium, because of their ten- 
dency to oxidize readily, require more careful clean- 
ing to avoid interference with the welding action. In 
many cases mechanical cleaning with steel wool is 
satisfactory, but for best results chemical treatments, 
particularly for welding at high speeds and/or thin 
materials, are required. The cleaning of magnesium 
will depend somewhat on the type of alloy and pre- 
vious surface treatment it has received. In aluminum 
welding, degreasing should first be employed if the 
material has oil or grease deposits. This should be 
followed by an acid or, better yet, a caustic nitric 
hydrofluoric treatment with cold water rinse between 
treatments and a hot water final rinse to speed drying. 

Since no flux is used and in general less oxidation 
of the weld surface occurs than with many other 
welding methods, much less inter-pass cleaning is re- 
quired. A light hand brushing is all the cleaning 
necessary, and frequently this is not required. 

Most metals up to and including 1/16 in. can be 
welded without filler metal, and welds will be pro- 
duced having a thickness equal to or slightly greater 
than the base metal if the edges are tightly butted. 
In mechanical welding the pieces should be accurately 
mated and work holding jigs or fixtures must be pro- 
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vided to insure proper alignment of the edges, and 
prevent distortion. All such clamping means, when 
used to hold sections longer than approximately 6 in., 
should be segmented and the segments individually 
loaded so that each segment will apply equal force 
to the material being welded. In many cases they 
should also be mounted pivotally so that they can 
accommodate themselves to any irregularities of the 
work. 

On many items of manufacture, having material 
in thicknesses of 14 in. and greater, the plates are 
self-supporting and can be merely tacked together and 
then mechanically welded. It is extremely important 
in making such tacks, however, that they be made 
with the Heliarc process. The use of any other method 
of tacking, particularly those which employ a flux, 
will tend to produce porous spots in the finished weld 
due to the unremoved and entrapped flux in the tacks. 

Some type of backup is beneficial, particularly for 
welding magnesium and aluminum. The advantage 
of using backup where possible is that it produces a 
less critical welding operation; also somewhat greater 
latitude in fitup and welding conditions can be tol- 
erated. The backup material found most suitable for 
stainless steel is copper or other material having a 
high conductivity which will not melt in case of burn- 
through. While copper backing may also be used on 
aluminum or magnesium, it is more satisfactory to 
employ a material having a lower coefficient of heat 
conduction such as carbon or stainless steel. 

Dixect current with either straight or reverse po- 
larity, or alternating current with high fequency sta- 
bilization may be used as welding power. The choice 


in some cases will depend upon the particular met,| 
For example, direct current straight polarity cannot b. 
used on aluminum welding without flux and, there. 
fore, alternating current with high frequency stabilizy. 
tion is usually employed. Reverse polarity direct cy. 
rent may be used, but because of the low heat inpy 
to the work and the high heating effect on the elec. 
trode, this type of current is seldom employed and jg 
not suitable for material over about 1/16-in. thick 

In general, for such materials as stainless steel 
which may be welded with direct current straight 
polarity or alternating current, best results are ob. 
tained with alternating current on materials of about 
0.050 in. and thinner with welding currents of 75 
amp. or less. For material thicker than this and higher 
welding currents, direct current straight polarity 
would be the best choice because it usually gives the 
highest welding speed. 

Welding conditions that may be employed, mean. 
ing the current and rate of travel, on the various ma- 
terials covers a very wide range and depends upon 
the type of operation. The table accompanying this 
article indicates these general conditions and covers 
operations extending all the way from slow hand weld- 
ing work of inexperienced operators and poorly fitted 
joints to the highest speed operations represented by 
mechanized welding on carefully fitted and jigged 
materials. 





The information and data for this article were 
supplied by the Linde Air Products Co. The author 
wishes to thank H. T. Herbst and F. J. Pilia of that 
company for their valuable assistance. 


General Operating Data For “‘Heliarc’’ Welding 












































Aluminum Magnesium Stainless Steel 
o o o 
om mo L= 2) 
c = ce - 4 ~ 
6 . . oS eg 3 ; 3 ec 5 . ~ 
 & ® W£ me ON ® ~£ ae | 8 ® 
s~ so |%e| 78 | s~ | 89/ 2 | 4B | S~ | 5 | 4u/ FE 
5 , |% i E 2 3 ¥ 5 > ‘2s * 
Thickness, In. U < oc < U < a < U < w | < 
0.025 10-75 8-12 | 1/16 | 3-50 — — — — 20-40 6-7 1/32 | 15-40 
0.031 10-90 | -8-12 |1/16! 3-50 — — —— —- 25-40 6-7 | 1/32 15-40 
0.0375 20-100 8-12 | 1/16 | 3-50 40 8 1/16 12 50-130 6-7 1/16 15-40 
0.050 50-200 | 10-14 | 3/32 | 5-15 45 8 1/16 12 80-225 6-10 |1/16 |} 5-60 
0.0625 70-200 | 10-14 | 3/32 | 5-15 50 8 3/32 12 80-250} 6-10 |}1/16| 5-60 
0.0781 80-250 | 10-14 | 1/8 5-40 60 8 3/32 12 80-300 | 6-10 |3/32| 5-60 
0.109 200-300 | 12-16 | 1/8 5-30 70 10 1/8 12 140-350 8-12 | 3/32 | 5-30 
0.125 200-400 | 12-16 | 3/16 | 10-30 80 10 1/8 10 150-375 | 8-12 /1/8°| 5-30 
0.195 250-400 | 12-16 | 3/16 | 10-30 100 12 3/16 10 200-425 | 10-14 | 1/8 | 5-30 
0.250 250-500 | 14-20 | 3/16 | 6-16 100-435 | 16 3/32 15 250-450 | 15-20 | 3/16 | 3-20 
0.375 350-450 | 14-25 | 1/4 5-10* | 100-250! 16 3/16 12* | 300-500; 15-20 |3/16| 3-1 
0.500 400-500 | 20-30 | 1/4 | 5-107 | 150-275! 16 3/16 8* 350-600 | 15-20 | 3/16 3-1 
B/P Angle (for | : wf iL wee ae 
Hand Welding) | 45 to 70 deg. with work 90 deg. with work 45 deg. with work 
Rod Angle 10 deg. with work 10 deg. with work 10 deg. with work 
Oxweld Rod No. 14, No. 23 Same composition as base metal | Use No. 28 for 300 Series 
(see note) 
Values om the high end of the current and speed ranges are for mechanical welding, the lowest for inexperienced operators or badly fitting ¢ 


while intermediate values are for experienced hand operators. 


*2 Pas 


Passes. 
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by HENRY 5 BOYNTON, Consulting Metallurcist 


NEW NICKEL-MANGANESE-CHROMIUM STEEL, 
patterned after the manganese-nickel alloys de- 
veloped by Hadfield in 1904, is now being used 
aircraft control cables. Its coefficient of thermal 
ansion is so close to that of the structural alumi- 
m alloys that the problems of maintaining proper 
trol cable tension in aircraft operating over a range 
emperatures is eliminated when this new alloy ts 
ough manganese-nickel alloys have been used 
fabrication of thermostatic bimetals and in spe- 
purpose castings of the “Ni-Resist’ type, they had 
r been used as wires nor had their physical prop- 
es been fully investigated. Because of the need for 
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Nickel-Manganese-Chromium Steel 
Wire for Aircraft Control Cables 





The modern refinement of an old alloy 
fits the need for a material that has 
high physicals and which can meet the 
expansion characteristics of aluminum. 














"Modern airplanes, which are exposed to great temperature changes, require control cable materials of high thermal expansion to maintain 
proper control cable tension. 


a control cable wire that could be used in airplanes at 
altitudes at which the temperature reached -60 F or 
lower, an Eastern manufacturer’s laboratory was com- 
missioned to develop, from nickel-manganese-chro 
mium steel, a wire that would be as strong as Type 
304 Stainless Steel. The sizes required ranged from 
0.010 to 0.020 in. in dia. 

The analysis of the alloy chosen for this develop 
ment work was: 


Carbon 0.30 0.70 
Manganese >) 6.00 
Nickel 11.0 to 14.00‘ 
Chromium 0 to 6.00 
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Coefficient of expan- 
sion determinations 
were made in this 
apparatus, which is 
patterned after the 
equipment used by 
Souder and Hidnert of 
the Bureau of Stand- 


ards. 





The wire was processed by the methods used fo, 
18:8 stainless steel wire, and, although it had bee, 
reported by the English that wire of a similar analysi. 
tested about 10% lower than 18:8 stainless steel, there 
was no particular trouble in processing to strengths 
ranging from 250,000 to 280,000 psi., depending op 
the size. 

The finished nickel-manganese-chromium stee| was 
fabricated into standard sizes of aircraft cable, from 
1/16-in. 7 by 7 to 3/16-in. 7 by 19 construction, 
Larger sizes could, of course, be manufactured 4; 


needed. 


Physical Properties 


In the form of rods or bars, nickel-manganese. 
chromium steel has the following physical properties: 


112,000 to 145,000 psi. 
67,000 to 125,000 psi. 
30 to 60% 
30 to 60% 
28,600,000 psi. 


As cold-drawn wire of 0.010- to 0.020-in. dia., its 
physical properties are: 


Tensile strength 
Yield point 
Elongation in 2 in. 
Reduction of area 
Modulus of elasticity 


Tensile strength 
Elongation in 10 in. 


240,000 to 280,000 psi. 
1.0 to 1.5% 


Its magnetic permeability ranges from 1.003 to 
1.008. 


Stranded cable composed of 7 strands, 7 wires per 
strand, or 7 strands of 19 wires per strand have the 
following breaking strengths: 























Cable Dia., Cable Breaking Strength, 

In. Construction Lb. (Tentative) 
1/16 7 by 7 384 
4/42 7 by 7 746 
leg 7 by 19 1500 
3/32 7 by 19 2080 
16 7 by 19 4120 


Table I—Analyses of Specimens Tested for Coefficient of Thermal Expansion 
All specimens tested as cables were of 7 by 19 construction 











Type Size, In. Cc Mn Si Cu Ni Cr Mg | Mo 
17ST Tubing 3/16-O.D. - 0.053-LD. ans 0.55 0.45 4.10 ne jane 035: \ == 
24ST Tubing 3/8-O.D. - 0.058-LD. — | 0.60 0.16 4.40 _ ma | rim 
61ST Tubing 3/8-O.D. - 0.058-LD. a ae 0.47 0.27 ioe 0.24 | 0.91 omy 
Carbon Steel Cable 5/32 0.55 | 0.53 | 0.21 O07 | O86 1. ae 1] <4 — 
Carbon Steel Cable 3/16 0.55 | 0.57 0.21 0.07 0.07 ; — — j— 
304 Stainless Cable 5/32 0.07 0.44 0.35 — | 8.90. | 18.60 | mes) hy ee 
304 Stainless Cable 3/16 0.08 0.46 | 0.39 - 892 {1845 | — | — 
316 Stainless Cable 3/8 0.06 | 1.67 | 0.37 — 13.36 | 17.72 | — | 2.38 
Mn-Cr Steel Cable 5/32 0.12 | 15.80 020 | — | 026 |1260 | — te 
Ni-Mn-Cr Cable (Lot 1) 5/32 0.44 | 5.00 | 0.43 — 11256 | 402 | — sa 
Ni-Mn-Cr Cable (Lot 2) 5/32 0.31 6.00 0.42 - 11.89 | 391 | - 

Carbon Steel Cable 3/16 0.62 0.58 0.21 0.10 0.08 | — — — 
Clad with 61ST Tubings ov rit bles 0.49 0.24 a | O24 0.90 | — 
Ni-Mn-Cr Cable (Lot 1) 5/32 0.43 5.20 0.40 | — |12.37 | 4.08 wal ide 
Clad with 17ST Tubing — ae 0.50 | 0.49 | 3.90 si sites oo 
Ni-Mn-Cr Cable (Lot 2) | 5/32 0.30 5.90 0.43 ~ 11.88 3.85 we _ 
Clad with 17ST Tubing — 0.50 0.49 3.84 — — 0.48 — 
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These values of breaking strength must be con- 
sidered aS tentative standards. Further work should 
permit increases in the load values given. . 

investigations of the fatigue strength of nickel- 
manganese-chromium steel are now under way. How- 
ever, no results are available as yet. 


Coefticient of Expansion Tests 


Coefficient of expansion tests on both the wire and 
the fabricated cable were conducted at temperatures 
between 75 and -65 F. Similar tests were made on 
tubing of various aluminum alloys and on carbon and 
stainless steel cables. Some of the cables were encased 
in aluminum alloy tubing. Table I gives the analyses, 
forms and sizes of the specimens tested. 

Details of the method by which the expansion 
coeficients were determined were: 


(1) The dials showing the changes in length were 
read through a window from an ante-room 
of the refrigerator, which was at 0 F. 


(2) Temperature inside the cold chamber was 
measured by toluol thermometers placed near 
the apparatus. 


(3) Change in length was measured in compari- 
son with a standard fused quartz tube, as 
suggested by Souder and Hidnert. 


(4) The quartz tube was checked by comparison 
with steel tubing, and a change of 0.001 in. 
was noted in the range from 75 to -65 F. 
This correction was made in the calculations. 


(5) All test results were successfully checked on 
duplicate samples. 


The coefficients of expansion determined by these 
tests are given in Table II. The nickel-manganese- 
chromium alloy cables have coefficients that closely 
approach those of the aluminum alloys. Encasing the 
nickel-manganese-chromium cable in aluminum alloy 
tubing increases the coefficient of the assembly so 
that it is practically equal to that of the aluminum 
alloys. 

The change in the thermal coefficient of the nickel- 
manganese-chromium alloy over the range of tempera- 
tures investigated is much lower than that of any of 
the other ferrous alloys. The nickel-manganese- 
chromium cables encased with 17ST aluminum alloy 
tubing showed a much lower rate of change than the 
cable alone. 

Encasing plain carbon steel cable with 61ST tubing 
produced an assembly that showed higher thermal 
coefficients and lower rates of change than the stainless 
or manganese-chromium alloys. 

Additional work was started on determining the 
effect of cold working by wire drawing on the thermal 
expansion properties. It was found that the thermal 
expansion properties of nickel-manganese-chromium 
steel were lowered only slightly by a total reduction 
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in area of 80%. Type 304 stainless was affected much 
more by wire drawing in the lowering of its expansion 
properties. Moreover, regular 18:8 stainless steel 
becomes decidedly magnetic with 80% or more of 
wire drawing, while nickel-manganese-chromium steel 
appeared to gain very little in magnetism. 


Applications of Nickel-Manganese-Chromium Steel 


Complete data on the physical properties of nickel- 
manganese-chromium steel are not yet available. Until 
these data are obtained, application of this alloy will 
be limited. Actual experience has shown that nickel- 
manganese-chromium steel is entirely satisfactory for 
use in aircraft control cable. Its high thermal expan- 
sion coefficients should permit its use in the fabrica- 
tion of thermostatic bimetals. However, additional 
information on its resistance to elevated temperatures 
is needed. 

It has been used successfully for aircraft motor 
cylinder liners, valve seats and crank case bolts. This 
steel can be nitrided and is used for cylinder liners 
in this condition. Limited tests have indicated that 
this steel retains its strength and resistance to impact 
even at low temperatures. Further tests may indicate 
the suitability of this alloy for stress carrying members 
that must function at low temperatures. 

Because it remains non-magnetic after severe cold 
working, nickel-manganese-chromium steel may be 
found suitable for applications that require a non- 
magnetic material with a strength greater than that 
of the nonferrous metals. 


Table 11 — Thermal Expansion Properties of 
Aircraft Control Cables 























Coefficients of 
Thermal Expansion 
per deg. F x 10°° 
Type Size, In. | 75F | OF | -—60F 
17ST Tubing 3/16-in. | 12.5 | 12.0 | 11.2 
by 0.053 
24ST Tubing 3/8-in. | 12.6 | 12.1 | 10.8 
by 0.058 
61ST Tubing 3/8-in. | 13.0 | 12.1 | 108 
by 0.058 
Galv. Carbon Steel Cable | 5/32 6.0 5.8 3.1 
Galy. Carbon Steel Cable | 3/16 6.5 5.8 2.2 
Type 304 Stainless 5/32 7.7 6.4 3.1 
Steel Cable 
304 Stainless Steel Cable 3/16 7.8 7.0 4.6 
Type 316 Stainless 3/8 9.3 8.8 6.7 
Steel Cable 
Mn-Cr Alloy Steel Cable 5/32 9.0 5.2 2.0 
Ni-Mn-Cr Alloy Steel 5/32 10.3 9.0 6.0 
Cable (Lot 1) 
Ni-Mn-Cr Alloy Steel 5/32 10.7 9.6 A 
Cable (Lot 2) 
Carbon Steel Cable Clad 3/16 9.6 9.3 8.6 
with 61ST Tubing 
Ni-Mn-Cr Alloy Steel 5/32 11.5 | 11.1 | 10.2 
Cable Clad with 17ST | 
Tubing, (Lot 1) 
Ni-Mn-Cr Alloy Steel 5/32 12.2 | 11.3 9.4 
Cable Clad with 17ST 
Tubing, (Lot 2) 
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Although its many possibilities are 
unexplored, properties of this new 
alloy indicate its potential use for 
many applications other than springs. 























With Elgiloy came an innovation jy 
watch making, through use of a welded 
brace assembly. Tests show that this 


construction is more rigid and at \eas; Elgi 
two or three times stronger than the the 
older method of riveting. Beci 

gine 


New Strong, Nonmagnetic 
Spring Material Has High Corrosion Resistance § 


NEW MATERIAL PREVIEW 


A new alloy, the first application of which is in 
long-lived watch springs, was recently announced by 
the Elgin National Watch Co., Elgin, Ill. Named 
Elgiloy, the new material is strong, relatively hard, 
nonmagnetic, highly resistant to corrosion, non-set- 
ting, and otherwise superior to high quality carbon 
steel spring materials. 

The alloy was developed as a result of research 
pushed by Elgin for several years and shared in by 
several other organizations including Battelle Mem- 
orial Institute, Hoskins Mfg. Co., Wilbur B. Driver 
Co., and Athenia Steel Co. It was created in an effort 
to supply a watch spring material which would re- 
tain its full strength over a long period, reduce main- 
spring breakage, and help watches retain. their 
accuracy. 

Although Elgin has not yet made public the com- 
position of Elgiloy, it has been reported to be as 
follows: 


Chromium 20% 
Cobalt 40% 
Nickel 15.5 % 
Iron 15. &% 
Molybdenum a 
Manganese 2. ¥ 
Carbon 0.15¢ 

Beryllium 0.03% 


In addition to its other favorable characteristics. 
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Elgiloy is said to be remarkably ductile and to offer 
excellent workability when worked either hot or 
cold. 

Processing Elgiloy into watch springs involves such 
processing steps as slitting ribbons of the material 
to proper width, cutting to length, punching, anneal- 
ing, coiling, aging and spot-welding. No data have 
been furnished yet on machining properties of the 
material. 














A comparison of the properties of Elgiloy with 7 
those of the carbon steel spring material formerly a 
used shows: : 

Carbon 
Spring 
Elgiloy Steel 
Ultimate Tensile Strength, Psi. 368,000 341,500 g 
Yield Strength (0.02%), Psi. 280,000 248,000 ; 
Proportional Limit, Psi. 233,000 217,000 


Modulus of Elasticity, Psi. 29,500,000 28,500,000 
Vicker’s Hardness Number 702 695 


A comparison of watch-spring properties shows: 


Carbon 
Sprin g Pr pe rties (15/0) El gilo Spring Steel 
Delivered Torque (G.-CM.) 46.2 39.2 
Wind Life (Average) 1036.0 565.0 
Set After Wind Life (Turns 48 6.0 


Elgiloy is nonmagnetic under conditions involving 
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Elgiloy in a narrow band as it comes from 
the mill is being fed into a slitting machine. 
Because of its extreme hardness, Elgin en- 
gineers designed special equipment to polish 






es , ~ 


and process the material. 


both permanent and temporary magnetism. It is not 
iffected by finger prints, high humidity, and showed 
no rust after 500-hr. exposure to a 10% salt spray 
In a demonstration of its properties, Elgiloy was 
subjected to hot aqua regia for 12 min. without any 
armful eftect. 

Although the use of Elgiloy is now restricted to 
watch springs because of limited output, it is ex- 


One carbon steel and one Elgi- 
loy spring were placed at the 
same time in a sealed jar 


containing sufficient water to \ 
insure near 100% relative hu- 

midity. After 18 days the new \ 
alloy mainspring, left, was 

completely rust-free, while the » 


carbon steel spring had disin- 
tegrated into several small, 
brittle sections. 
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Elgiloy does not demand a quenching and tempering heat treatment. However, main 
springs made of it are coiled in rings, given a furnace “aging” treatment. 


pected in the future to find application in many 
products. Apparent possibilities include: razor blades, 
stainless cutlery, surgical and dental instruments, gun 
springs, valve parts, chemical equipment, automotive 
valve springs and parts, electronic components. In 
addition, the armed services are said to be investi- 
gating use of the material in jet propulsion, gas 
turbine and steam turbine equipment. 
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With standard shapes of extrusions 
now available as stock items, this 
magnesium form should be investigated 
for use in many types of products. 























Magnesium Extrusions 





Offer Fabrication Economies 


by HERBERT CHASE 


LTHOUGH SOME MAGNESIUM EXTRUSIONS were 
available prior to the war, quantities were limited 
and such extrusions were rather expensive. At 

present, magnesium extrusions do not cost over 5% 
more per foot than aluminum extrusions. At least 
one company, the White Metal Rolling & Stamping 
Corp., Brooklyn, N. Y., now stocks many extruded 
shapes, rods and tubes. Too, stock extrusion dies are 
now available for standard and special shapes. 

Now that many favorable characteristics of magne- 
sium are available in a wide variety of shapes, that 
material is finding more and more applications in 
fields that were once restricted. One additional fact 
that is important is that magnesium alloys can be 
.extruded through the same dies as are used for 
aluminum. Thus, it is a simple matter to switch from 
one material to the other. 

Some indications as to the range of sizes and shapes 
available from stock dies can be had from the fol- 
lowing list: 


Round rod, 4-in. to 5-in. dia. (1/16-in. steps up 
to 2% in.). 

Wire diameters, 3/32- to 4-in. round and %-in. 
Sq. section. 

Hex bar, 4 in. to 444 in. across flats. 

ys or strip of rectangular section, 0.032 by 3 in. 

4 by 4 in. 

“See lf, A 4, %, %4, 1, 1%, 2% and 4 in. 

Round tube, 4-in. O.D. by 0.032-in. wall to 5-in. 
O.D. by 3/16-in. wall. 

Special non-circular tubing, 42 by 4% by 0.050-in. 

wall to 3 by 3 by 0.062-in. wall. 
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Angles, 2 by 2 by 1/16 in. to 3 by 3 by % in. 
Channels, 1 by 12 by 1/16-in. web to 5 by 1.885 by 
0.325-in. web. 


The normal extruded finish on magnesium is quite 
smooth and equal to that on other extruded materials 
A grayish hydroxide film forms when extrusions are 
held in stock for long periods. 

Normal hydroxide coatings attained in weathering 
are somewhat protective, quite resistant to abrasion 
and non-toxic but, in salt-laden and other corrosive 
atmospheres, white corrosion products appear on the 
surface. These are ordinarily not injurious, except in 
appearance, and can be avoided by any of several 
pickling, anodizing or other surface treatments. 

Where appearance is not important and severe 
corrosive conditions are not encountered, extruded 
products can be used without protective coatings. All 
the alloys, however, take a high polish readily and 
retain it if the application is one in which (as in 
treads or handrails, for example) a continuing polish- 
ing action is applied. Ordinarily, however, the pol- 
ished surface requires a coating of clear moisture- 
proof chloride-free plastic-base lacquer to insure re- 
tention of luster. 

To date, magnesium has been applied chiefly where 
minimum weight or at least a minimum strength- 
weight ratio is desired, but the metal has numerous 
other attributes which the alert designer has used or 
will employ to advantage even where light weight 

may be a secondary or even a negligible considera- 
tion. Among these, the following are deserving of 
special mention: 
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Fig. Typical examples of magnesium alloy extrusions including bars, tubes and special shapes, a large 
from stock dies. At lower center is an example of tubes welded to a gusset plate. 


— of Extrusions 


|. Availability in extruded forms can be made to 
save much machine work, including some that would 
involve forming if sheet were to be used instead. 
[his applies to such products as the window cleaner, 
Fig. 2. Its handle portion is made from reeded tubing 
f ¥g by 1-in. oblong section riveted to cast fittings 
set into the tube and forming an adjustable fasten- 
ng. The reeding provides a decorative effect and, by 
using the long diameter of the tube in the plane in 
which pressure is applied, stiffness is attained with 

unimum weight. 

“The head of this tool is also extruded in such shape 
that two channels are provided, one for thick wetting 
telt and the other for a rubber squeeze. To prepare 
this part for use, it is merely cut off to length and 

hole is drilled for the attaching screw. No form- 

g die is required, yet the shape is such that stiffness 

is attained along with light weight. A molded rubber 

handle slipped over one end of one extruded portion 
ompletes the assembly. 

. For a magnesium ladder, the longitudinals are 

ire extruded tubes with integral legs that form a 

iannel into which 1-in. sq. extruded tube rungs are 
fitted and attached by a single aluminum rivet at each 

d. Both longitudinal and transverse tubes possess 

isual stiffness and consequent resistance to deflec- 

combined with light weight. Although 10 ft. 
the ladder weighs only 9 Ib. and is amply strong 
rigid. But the only machine work needed is to 

t off and drill the tubes for rivets. 

Magnesium extrusions possess extreme utility, 
course, in building many metal structures in which 
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light weight and rigidity must be secured, but they 
can, at the same time, include other useful features 
not attained so readily if at all in rolled products or 


those made from formed sheet. This becomes ap- 
parent’ from Fig. 3, which shows sections used in 
truck and bus bodies and some for use in aircraft 
cargo Carriers. 

At the top of Fig. 3 is a section of a truck body 
panel made from aluminum covered plywood joined 
tO magnesium extrusions of modified I-beam or T 
shape. To form this panel, the plywood is cut away 
along the edge and the metal is flanged back at right 
angles so that, at assembly, a pair of flanges is pressed 
into the deep slot produced (as extruded) in the 





Fig. 2—A window cleaner made largely from extrusions. 

Light weight and convenience plus ability to clean all 

window surfaces without getting onto sills are sales- 

promoting features. Short lengths of the extrusions 
used are shown in foreground. 
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proportion of which are available 























Fig. 3—Truck body panel (top) of metal-covered ply- 

wood joined by a special extruded magnesium 1-beam. 

Other sections used in truck bodies and in cargo air- 
craft are in the foreground. 


I-beam. When in place, holes are drilled for bolts 
that clamp the panel flanges securely and, together 
with the I-beams, form a rigid but easily fabricated 
structure that is light, has water-tight joints, and is 
capable of withstanding abuse while giving long and 
trouble-free service. 

Also shown in Fig. 3 are other extruded magnesium 
sections used for truck body and related purposes. 
One of these is a body top rail that has an integrally 
formed drip molding of channel section. Such a sec- 
tion not only avoids the cost of making and applying 
a separate drip molding but, being integral, cannot 
come loose or cause leaks that might develop in a 
jointed assembly. The telescoping channels in Fig. 3 
are used as rail-and-slide combinations in aircraft 
affording strength with light weight in fastenings 
that prevent the shifting of cargo in transit. 

4. In the nursery “Bathinette,’ Fig. 4 light-wall ex- 
truded magnesium tubes of square section are used 
for legs and crossbraces. These are merely capped at 
top ends and have a bolt pivot that also supports a 
shelf. Besides affording greater strength and stiffness 
than wooden parts of the same dimensions, the ex- 
trusions, which are given a satin-like finish, are more 
attractive than wood, will not split, swell or check 
as wood does and afford more sturdy fastenings. Al- 
though this product sells for considerably more than 
wooden equivalents, it is reported to outsell them 
where both types are displayed. 

5. Bars and tubes of magnesium especially when 
made from ASTM alloy AZ61, have exceptional tonal 
qualities when set vibrating at frequencies within the 
auditory range. This has resulted in use for organ 
chimes, door chimes and musical instruments, such 
as zylophones in some of which magnesium has re- 
placed aluminum. In such applications, the bar or 
tube is drilled at one or both ends for supporting 
cords and is cut, of course, to such length as will 
yield the required pitch. In portable instruments, the 
light weight adds a further advantage. 

6. Among the large architectural uses of extru- 
sions is that involved in making window sash and 
casements. Those produced entirely from aluminum, 








however, have the disadvantage that aluminum s\idip 
in contact with the same metal has a tendency tg 
scuff. To avoid this, some guiding elements, wher 
sliding takes place, are now made from magnesium 
extrusions. Motion of aluminum against magnesiym 
avoids scuffing. 

7. Since magnesium is very easy to polish and 
readily takes a high luster, it can be used effectively 
where a high polish without plating is wanted, A 
buffed surface has high light and heat reflecting co. 
efficients and does not discolor fabrics that come jp 
contact with the surface. This non-smudging quality 
has led to the use of extruded magnesium tube jp 
making bobbins for delicate textile fibres, Fig, 5, 
Extremely smooth surfaces avoid clinging of fine 
fibres, and abrasion against the surface does not dis. 
color as is the case with some other metals. 

8. For making some types of metal furniture, 
magnesium extrusions present the advantages of being 
easy to form and to weld besides being light in weight, 
attractive in appearance and so smooth as not to scuff 
or catch in fine fibres of hosiery or other garments. 
Chairs and bar stools are good examples of such con- 
struction. Most of the frames are made from extruded 
tube which is easily bent cold but has adequate stiff. 
ness to resist abuse and denting in service. 

The under side of the chair and stool, Fig, 6, 
shows the chair using both welded and bolted joints 
and the latter only screw fastenings, the tubes being 
flattened where they cross in the center. In the stool, 
the hoops are made from flat extrusions. Furniture 
of this type is attractive partly because of the silvery 
satin-like finish of the magnesium, which is given a 
clear lacquer coating to protect against corrosion. 

Welding of magnesium is readily done with torch, 
arc or resistance methods. Extruded rod or wire can 
be used in welding along with a suitable magnesium 
or aluminum flux. A reducing flame is advocated 
Oxyhydrogen, oxyacetylene, natural or city gas flames 
can be used. Butt joints are used, the area to be 
welded being properly cleaned and plenty of flux 
applied to avoid burning. Flux must be removed 
thoroughly after welding by scrubbing in hot water, 
chrome pickle swab, or dip. 

In electric arc welding, a tungsten electrode sur- 
rounded by a stream of helium or argon is preferred, 
the arc being short. D.C. welders of standard design 
are used with polarity reversed. Spot welding can be 
done on welders designed for aluminum, and even 
some intended for steel can be utilized. Less current 
and lower pressures than for aluminum are applied, 
but good surface cleaning is required for best results. 
Spots should be cleaned abrasively to remove copper 
pickup, as copper will cause corrosion. 

Soldering can be done with high cadmium-zinc-tin 
or cadmium-zinc solders, used without flux, but 
soldering is not advocated if the application involves 
stress or corrosive conditions, Riveting is frequently 
done. 56-S aluminum rivets are preferred but galva' 
ized steel is permissible if protected by a paint finis 
provided that noncorrosive conditions apply. Rivets 
having a diameter three times the section thickness 
are the optimum choice. Various rivet heads are used 
but, for countersunk or dimpled heads, the included 
angle should be 120 deg. All rivets should be set 
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wet zinc chromate primer, and exposed joints should 
be well coated to avoid corrosion by entrapped mois- 
, ture. 
| Magnesium is considered the easiest of all metals 
| to machine and can be cut at speeds of 8,000 fpm. or 
higher if the machine used is capable of such speed. 
Heavy cuts can be taken and are recommended. The 
power required is said to approximate 0.2-hp. per 
cu. in. of metal removed per min., or about half that 
for soft brass and aluminum. 

Machining is commonly done dry unless this re- 
sults in too high a temperature in which case a flood 
of light mineral oil or fatty oils of low acid content 
can be used. Sulfonated oils are not recommended, 
as they result in chemical reactions with chips. 

Where grinding is done or fine chips are produced, 
means for collecting the dust or chips, preferably 

\ drained of lubricant, should be provided, as fine chips 


Fig. 6—Under side of the 
chair and stool illustrating 
how both welded and bolted 
joints are used. 





Fig. 4—Bathinette in * 
which the legs and 
crossbraces are square 
tubes extruded in mag- 
nesium alloy and given 
a satin finish. Good 
appearance, sturdiness 
and light-weight are 
sales assets. 


Fig. 5—Bobbin the 
barrel of which is pro- 
duced from extruded 
and polished magne- 
sium tube. The flanged 
ends are cast. 


are quite easily ignited. In all cases, machines and 
floors should be kept free of chips, as this reduces the 
chance of chip fires and prevents them from spread- 
ing should they occur. 

Cutting tools should be kept sharp to minimize 
friction. Rake of 5 to 10 deg. and 10 to 25 deg. 
clearance is commonly recommended. Larger than 
common clearance angles are required on drills, taps, 
reamets and milling cutters, and saws should have 
few teeth per in. and plenty of side clearance to pro- 
duce large chips and afford ample chip clearance so 
that frictional heat is minimized. Skip-tooth band 
saws are recommended, and fly cutters often give 
better results than ordinary milling cutters. Some 
tools designed for wood working can be used suc- 
cessfully on magnesium but, especially for long-run 
work, carbide or other tools that hold a sharp cutting 
edge well are recommended. 
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The compact layout possible with pit type furnaces permit easy access to quench tanks and the tempering furnaces. (Courtesy: Lindberg Enginey. 
ing Co.) 


Foundries and Forge Shops 
Reduce Heat Treating Costs 


by KENNETH ROSE, 


HE PRINCIPAL PURPOSE of a foundry is to make 


castings. The foundry superintendent, when 
thinking of heating or furnaces, will probably 
think first of his melting equipment, and properly so. 
In steel foundries, however, the ordinary heat treating 
procedures of annealing, normalizing, and sometimes 
quenching and drawing, are a sufficiently important 
part of the production of finished castings to warrant 
a cost-conscious study of the equipment used. 
Because the heat treatment of its castings is some- 
what apart from the foundry’s principal endeavors, 
there is a strong tendency to give less consideration 





Cost studies, made by three Milwaukee 
plants, show that when supplemental 
heating is required it is important to 
install modern heat treating furnaces. 
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to the type of equipment used for heat treating than 
it deserves. The foundry may pride itself upon its 
up-to-date melting furnaces, but almost any sort of 
box furnace is considered good enough for such 
supplementary task as heat treating. 

Substantial savings are possible by replacing old- 
fashioned equipment by modern, high production 
types in many foundries. Even when heat treating is 
a minor part of the production picture, the investment 
is self-liquidating because of the considerably higher 
efficiency of the newer furnaces designed especially 
for heat treating. 

Three important plants in Milwaukee have recently 
completed comprehensive studies of the gains mad 
by installation of high production furnaces. In each 
case the furnace has been in operation for over a year, 
so that the work handled included a representative 
cross-section of the parts heat treated by the company 
under normal conditions. 


Annealing Gray Iron Castings 


At Wisconsin Motors Corp., producers of annealed 


gray iron castings, six oil-fired box furnaces had been 


in use for annealing the large output of gray iron cast- 
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type furnaces. (Courtesy: Wisconsin Motors Corp.) 


ings from its foundry, and for heat treating some of 
its forgings. Because of the large quantity of work to 
be handled, it was necessary to send some of it outside 
the plant to be treated. The six box furnaces were 
large, and the floor space occupied by furnaces and 
charging and discharging areas could be reduced, it 
was felt. Costs came under scrutiny also, and after 
careful study it was decided to install two high pro- 
duction pit type furnaces to replace the old style 


Considerable hand labor is required in loading and unloading box 





improved facilities for handling the furnace charges 
is a prime factor in the economy of pit type fur- 
naces. (Courtesy: Lindberg Engineering Co.) 


equipment. 

To obtain accurate data upon which to base a com- 
parison of performance and costs, careful records were 
kept of quantity of work, fuel, labor, and other factors 
over a representative two-day period with the box 
furnaces. After installation of the new furnaces, simi- 
lar records were made for a like period, with work of 
the same sort being treated in the furnaces. 

Some of the facts learned: 























Operation 
Vol. of Avg. Wt. Avg. Total Avg. Heating Fuel Cost 
Work Handled of Charge | Temp. | Heats Time | per Ton 
| New Furnaces 81.606 Ib. 2,548 lb. | 1546 F | 32 2 hr., 31 min. | $1.60 
Old Furnaces 25,824 Ib. ee toe tae SS ee ee  6he.2min. | $1292 
Labor 
Avg. Loading Avg. Unloading Total Labor Lb. per 
Time Time Required Man-Hour 
New Furnaces 35.4 man-min. 20.3 man-min. 96 man-hour 850 
| Old Furnaces 30.6 man-min. 29 men-enin. 57 men-hout é irs ‘40 
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The floor space required for the old furnaces was 
1400 sq. ft., while the new furnaces were installed in 
780 sq. ft. With the new furnaces more than five 
times as much work is being handled per square foot 
of floor space as before — 104 Ib. as against 181. lb. 
with the old style furnaces. 

The quantity of work turned out during the two- 
day periods showed a gain of 190% with the new fur- 
naces. The higher and more uniform heat obtainable, 
with a consequent decrease in the time for each heat 
and increase in the number of heats, was the principal 
factor in this increased production. 

Other important economies were those shown by 
the decrease in the amount of labor, due to better de- 
sign and floor layout. Labor required per pound of 
pieces heat treated was nearly halved. 


Heat-Treated Steel Castings 


Pelton Steel Castings Co., also of Milwaukee, pro- 
duces steel castings of carbon content ranging from 
low carbon to about 0.55% carbon. Heat treating 
consists of annealing, normalizing, quenching, and 
drawing, or whatever treatment the customer may 
specify. Heat-treating is, therefore, an important part 
of the production scheme and the heat-treat depart- 
ment must have not only adequate capacity but flexi- 
bility as well. 

A large car-bottom furnace, oil fired, had been in 
use, but with the need for flexibility in operations it 
was thought desirable to install additional equipment. 
The car-bottom furnace has been kept in service, as 
it is necessary for handling large or irregular castings, 
but most of the general run of production has been 
diverted to the newer pit type high production fur- 
nace. The monthly tonnage total of both furnaces is 
the same — about 200 tons — but the newer furnace 
occupies only about one-fourth the floor space of the 
car-bottom type. 

Some comparative data assembled upon the two 
furnaces is as follows: 














Avg. Heating | Heats | Floor Space 

Load Time per Day | Required 
New Furnace 5000 Ib. 5 hr. 4 400 sq. fr. 
Furnace Previ- | 13,000 11 hr., 1530 
ously Installed Ib. 55 min. 1 sq. ft. 














The new furnace uses only a single burner, where- 
as the car-bottom furnace uses ten. About 1 hr. is 
required to light the burners in the latter furnace, but 
the burner for the new installation can be lighted in 
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10 min. The difference in the number of burne:s also 
makes for lower maintenance with the new furnace 

A sharp limitation of these smaller, high produc. 
tion, pit type furnaces is that indicated by practice 
at Pelton Co. Quite substantial economies can be 
achieved in handling small work, but the foundry 
that frequently or even occasionally must anneal or 
normalize a large casting must either keep a furnace 
of suitable size as a standby, or must send the large 
work to an outside processor. 


Heat-Treated Small Forgings 


A third Milwaukee concern, Unit Drop Forge Diy. 
of Fuller Manufacturing Co., does normalizing, hard- 
ening, tempering, and stress relieving of small steel 
forgings, such as crank shafts, levers, pinions and 
rollers. They present much the same problem to the 
heat treat department as would steel castings of the 
same general size. Four high production furnaces 
were installed, and studies have been made to check 
performance. 

Normalizing is done at 1650 to 1750 F, hardening 
from 1550 to 1650 F, tempering at 1150 to 1250 F. 
and stress relieving at 1050 F. Performance data was 
obtained on a total of 42 heats, including all heat 
treating operations. Tests extended over a four-day 
period. 

The total weight of parts in the heats included in 
the survey was 183,567 lb. The average weight of 
each charge was 4,371 Ib. The average time required 
for four men to load the rack was 4% min., or 184 
man-min. total. Charging the furnace after loading 
the rack required only a little more than 14% min. 
with four men, or 634 man-min. Removing the 
charge required the same time, 634 man-min., and 
unloading the rack required 18 man-min. Heating 
time for a charge was 3 hr., 43 min. 

Each furnace handled a total of 26,226 Ib. of parts 
per day. The total labor averaged out to 96 man-hr. 
per 24-hr. day, using four furnaces, or 1092 Ib. of 
work per man-hr. 

In each of the three plants, each handling a differ- 
ent kind of work, substantial savings in operating 
costs, direct labor, time and floor space were made 
by the shift to high production furnaces for heat 
treating small to medium-sized castings and similar 
parts. The savings indicated in the reports from each 
plant would seem to prove that foundries having heat 
treating of this sort to do might make similar cost 
reductions by adopting modern heat treating furnaces, 
even though heat treating is not their main line. 


Ample insulation and sealed covers 
insure uniform heat throughout the 
modern pit type furnace. 


MATERIALS & METHODS 











or 
Ce 


Re 


a 
— ‘s os 


“ *B €D bebe & 





The internal involute 
splines in this universal 
joint are broached, while 
the external splines are 
shaved. This is a high 
precision job as no back- 
lash is permissible. 





The Broachability of Materials 


by HARRY GOTBERG, Chief Engineer, Colonial Broach Co 


RIME REASON FOR THE GROWING POPULARITY of 
broaching today is that it is one of the fastest 
methods of removing metal, either internally or 
externally. This is true whether the material being 
machined is steel, iron, nonferrous or nonmetallic. In 
addition, many operations are performed today with 
i single pass of a broach that would require two or 
more operations by other machining methods. 
The reason for the high speed and accuracy of metal 





Although most engineering materials 
are well suited to broaching, their 
Characteristics, including ductility, 
influence many operational factors. 








removal of which broaching is capable lies in the 
fact that the tool is composed of a large number of 
individual cutting teeth. Each of these teeth does its 
predetermined share of the work—no more, no less. 
Each successive tooth on a broach cuts just a little 
deeper than the one immediately ahead of it. In other 
words, both the necessary feed and depth of cut are 
built into the broach itself. 

Because of this design, the broach is able to rough, 
semi-finish and finish holes or surfaces, regular or 
irregular shapes, in a single pass. The first group of 
teeth do the roughing. The center group does the 
semi-finishing. The last group of teeth finish the job. 
The step per tooth is usually larger in the roughing 
sections than in the finishing section. 

While the roughing teeth do not necessarily have 
the same general form as do the finishing teeth, the 
finishing teeth, of course, must be exact replicas of 
the shape which the tool is to generate. Roughing 
teeth, on the other hand, may be designed so as to 
distribute most economically and effectively the job 
of removing surplus metal before finish broaching. 
Thus, the shape of roughing teeth may approach more 
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closely the initial contour of the work piece rather 
than the final desired form. 

Average tool life and life per grind of a broach is 
comparatively long, due to the large number of cut- 
ting teeth in each broach and the small amount of 
work that each tooth performs in an average single 
pass. 


Effect of Materials on Broaching 


Any material—metallic or nonmetallic—that can 
be machined can be broached. Certain physical char- 
acteristics of the material being broached, however, 
directly affect the design of the broach, especially with 
respect to speed, face angles, clearances, etc. In gen- 
eral, the higher the machinability, the more easily 
and economically the material can be broached. 

Hardness and Strength—In steels, machinability 
generally bears a close relationship to hardness, al- 
though other factors also influence machinability. 
The best range is between 25 and 35 Rockwell C. 
Harder steels can be broached, but sometimes offer 
special problems as to tool life and lubrication. Steels 
softer than Rockwell 25 C can be broached satisfac- 





Table No. 1 
Rough Approximation of Relative 
Power Required to Broach Metals 
Relative Power 
Required 
Metal (1 = Lowest) 

Magnesium Alloys 1.0 
Aluminum Alloys 1.2 
Brass 5.0 
Cast Iron; Bronze 5.0 
Malleable Iron 7.5 
Phosphorus Bronze - 
Manganese Bronze 10.0 
Mild Steels 11.0 
Alloy Steels 12.0 
Hot Rolled Steel 12.5 
Forging Steels 14.0 
Nickel Alloys 15.0 
Nickel Steels 15.0 















Parts of a broach and broach terminology are shown on this drawing. 
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torily. Rather soft steels, however, may be somewhat 
difficult to broach inasmuch as they tend to tear, throw 
up burrs, or tend to stick to the broach’s cutting teeth. 
Work having a high surface hardness—such as that 
produced by previous work hardening or a crust of 
scale—requires that the first tooth of the broach 
should cut beneath the scale or hard surface layer 

Different materials of varying hardnesses sometimes 
require varying cutting speeds to produce the desired 
combination of fine finish, long tool life, and maxi 
mum production. The softer nonferrous metals theo 
retically can be broached at much higher speeds thas 
can the general run of steels. However, it will be well 
to remember in this connection that the speed of the 
broaching operation is pretty well limited by the 
speed of the machines. At present, a cutting speed 
of about 30 ft. per min. is normally the economical 
top speed for modern hydraulic broaching machines 
A higher return speed keeps the idle time between 
actual broaching cuts down to a bare minimum. Load- 
ing frequently is during the return stroke of the 
broach. 

Hardness and strength of the material broached also 
influences the required broach strength. Assurance 
of adequate strength is one of the most important 
considerations in broach design. In this connection, 
presence of chilled sections and hard spots in the 
work piece must be taken into consideration, since 
these can easily cause considerable overloads on the 
tool during the broaching operation. 

In the case of “pull broaches,” strength is deter- 
mined by the area of the smallest cross-section (usu 
ally at the root of the first roughing tooth, or at th 
pull end). In “push broaches,” the “weakest” section 
is usually the middle of the broach since in this case 
the tendency is for the broach to buckle in the center 

In general, allowable maximum pull in pounds per 
square inch for a high-speed steel broach can be cal 
culated from the formula: 


Allowable pull=A x K 


where A is the area of the smallest diameter of broac! 
(usually root diameter at the first tooth), and K 

any figure below the tensile strength of the broacl 
material, depending upon the safety factor desired 
It is always desirable to use a safety factor to prevent 
broach damage in case of sudden overloads due t 
chilled sections, hard spots, or other inequalities it 
the strength and hardness of the material being 
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in this sketch is 
shown the method of 
“nicking” broach 
teeth to form chip 
breakers. 


broached. Thus, if broach tensile strength is 120,000 
lb. per sq. in. and a safety factor of 100% is desired, 
then K = 60,000. 

The degree of hardness of the material also influ- 
ences the permissible cut per tooth. On the harder 
metals, it is Customary to take a relatively fine finish- 
ing cut. On the softer nonferrous metals a relatively 
heavy finishing cut can often be used to produce fine 
finish. It should be remembered, however, that too 
large a step will tend to overload the broach tooth 
regardless of the material being broached. Again, too 
light a cut tends to interfere with free cutting action, 
increasing the tendency to glaze, gall, or tear the 
broached surface. Smaller steps can be used for fin- 
ishing teeth than for the roughing teeth. 

Ductility—The ductility of a material has a con- 
siderable influence on the desirable face angle (hook 
or rake) of the broach teeth. In general, this angle 
decreases with decreasing ductility. Brittle materials, 
therefore, call for quite small angles. 

Chip Forming Characteristics—A broach must— 
by its very nature—usually carry all of the chips with 
it until it comes out of the cut. This means that 
enough space has to be provided between the indi- 


Copper circuit breaker 
parts are produced 
trom slugs by surface 
broaching. Several 
parts are broached at 
one time through 
stacking. 
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vidual teeth to carry the chips without crowding. If 
this is not done, there is a chance of dulling and even 
breaking the tool; roughing up the work surface and 
tearing it. 

The chip characteristics of the material being 
broached—+.e., whether short, brittle chips; fairly long 
chips; or long, tough, stringy turnings are produced— 
determines whether or not some form of chip breaker 
is needed. It should be remembered that chips pro- 
duced by a broach are not unlike chips formed by 
single point tools. 

In general, the long or continuous type of chips are 
harder to control than short chips. This is especially 
true in round hole broaching where a continuous 
ring would form if the chip were not broken. This 
is usually taken care of by having the teeth “nicked.” 
Chip breakers of this nature are staggered on succes- 
sive teeth. 

Pitch (or tooth spacing) does not usually depend 
on the material broached although less pitch is per- 
missible when machining the short chip or “crumbly” 
materials than when machining the long chip mate- 
rials, since less chip room is required in the former 
instance. However, pitch has an important bearing 
on the length of cut the broach can handle on a given 
machine and on the thickness of the chip which the 
broach can remove effectively. It also determines the 
number of teeth in contact with the work at one 
time. 

A formula frequently used to determine the per- 
missible length of cut is: 


Pitch = 0.35 x V length of cut 


Material being broached has little effect on the 
clearance angles of the broach. Normally, the entire 
thickness of each tooth is backed off at a slight angle. 
Sometimes different angles are used on the roughing 
teeth than on the finishing teeth. It is desirable, of 
course, to hold clearance angles down to a minimum 
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This photograph shows 
progressive steps in the 
slotting of a pump rotor. 
The work is done on a Co- 
lonial universal horizontal 
broaching machine. 


Die cast carburetor bodies are broached. In this operation the 
pads are broached. In a second operation, the broaches have 
carbide teeth to hold size accurately. 














—consistent with the job—to cut down loss of size 
when the broach is sharpened. For this reason, the 
finishing teeth sometimes have a portion of their 
tooth thickness unrelieved. 


Broachability of Various Materials 


Steels in General—Most steel jobs are broached at 
speeds ranging between 12 and 24 ft. per min., de. 
pending upon the hardness of the metal. Many small 
steel parts, however, are now being broached ar a 
speed of 30 ft. per min. 

A free cutting steel will allow a greater step (cut 
per tooth) than will a hard or tough steel. However, 
a step of 0.0005 in. on a broach diameter is a prac- 
tical minimum. “Hook” or “rake” angles also vary 
with the material being cut. The range lies between 
15 and 20 deg. for the soft steels and 8 to 12 deg. for 
the hard steels. Clearances of 2 to 3 deg. on the 
roughing teeth; 1 deg. on the semi-finish teeth; and 
14 deg. on the finishing teeth will give good results 
when broaching steel. 

When broaching steels, broach teeth should be 
“nicked” to break up the chips, as already mentioned 
These “chip breakers” should be staggered on succes. 
sive teeth. 

Stainless Steels—Most modern broaches will handle 
stainless steels having hardnesses running as high as 
35 Rockwell C. Broaches have cut stainless stock even 
harder than this, but in most cases the cost is pro- 
hibitive since the broach tends to dull fairly rapidly, 
reducing pieces produced between grinds. 

Cutting speeds range between 8 ft. per min. for 
the hard stainless steels to as high as 20 and even 25 
ft. per min. for the more “free machining” types. 
Approximate cut per tooth (round broaches) will 
run from 0.001 to 0.005 in. This range will handle 
practically all types of stainless. Broaches with hook 
or face angles between 12 and 18 deg. usually give 
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good results. The amount of back-off should be held 
‘o a minimum, of course. A 2-deg. angle is preferable, 
and the clearance should never exceed 5 deg. Chip 
breakers should be used. 

Cast and Malleable Irons—Normally, these mate- 
rials can be broached at 30 ft. per min., the maximum 
speed of modern hydraulically-operated broaching 
machines of up to 15 and 20 tons capacity. Since the 
speed of the machine depends upon the volume of 
oil that can be pumped, maximum speed of larger 
machines is generally held down to around 15 ft. per 
min. 

Cast iron generally permits use of a greater step 
or cut per tooth than even a free cutting steel, since 
the power constant for cast iron is less than that for 
steel. Brittle materials such as cast iron call for small 
face angles, usually around 6 to 8 deg. Clearance of 
back-off angles are the same as for the general run 
of steels. Usually, a shorter pitch is permissible when 
machining cast irons than when broaching steel, since 
less chip room is usually required. 

Brasses and Bronzes—In general, the commercial 
bronzes and brasses are broached at a cutting speed of 
30 ft. per min. It is usually possible to take a slightly 
heavier step or cut per tooth on brasses and bronzes 
than on steel. Too heavy a step, however, will tend 
to overload the broach. 

Face or hook angle of broaches for use on brasses 
and bronzes usually range from 0 up to 10 deg. and 
even higher, increasing with the ductility of the metal 
being broached. Brittle brasses call for smaller angles, 
running from 5 to -5 deg. 

Roughing teeth on broaches for machining brasses 
and bronzes usually have a 2-deg. clearance; 1-deg. 
clearance on the semi-finishing teeth; and 14-deg. 
clearance on the finishing teeth. 

Need for some form of chip breaker is indicated 
when broaching those brasses and bronzes which give 
a long or continuous chip. This is usually taken care 
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of by “nicking” the teeth. 

Aluminum and Magnesium—Aluminum and mag- 
nesium could probably be broached at speeds as high 
as 80 ft. per min. This speed, as has been pointed 
out, is economically not feasible at the present time. 
Speeds, therefore, are top speeds of which the machine 
is capable. Standard broaches can be used for these 
alloys, although even better results will be obtained 
if slight alterations are made in their design. A hook 
or rake angle of 10 to 15 deg., with relief angles 
between 1 and 3 deg. may be found advisable. 

For magnesium, larger chip spaces than those for 
other metals are desirable. Heavier cuts can be taken, 
with even the finishing teeth removing about 0.002 
in. each. If trouble is experienced in maintaining 
proper tolerances, it is suggested that the size of the 
finishing cut be imcreased rather than decreased. An 
extremely fine finish can be obtained on these metals 
with a relatively heavy finishing cut. 

Plastics—Both the hard vulcanized fiber and the 
laminated phenolic plastics can be broached in either 
the horizontal or the vertical types of broaching ma- 
chines. Broach design is generally the same as for 
broaching brass, although the material may require 
modifications in broach design. 

There are other factors which affect broach design 
and the broaching operation than those covered in this 
article. For instance, choice of machine—as to type, 
capacity, speed, etc.—is of utmost importance. So, too, 
is the design of the broaching fixture employed. Suc- 
cessful broach use also demands the correct handling 
and storing of broaches in the shop as well as in the 
inter-departmental transportation of these tools be- 
tween the sharpening equipment and the broaching 
machine. In addition, proper resharpening of the 
broaches will not only prolong the life of the tool but 
will also maintain output, both as to quantity of parts 
produced and as to their conformity to specified di- 
mensions and finish. 
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Proper Selection of Steel 
Simplifies Deep-Drawing 


by G. B. NISBET, Contact Metallurgist, Lackawanna Plant, Bethlehem Steel Co. 


LASTIC DEFORMATION OF METALS is an ancient 

art, which, until recent years, progressed mainly 

by trial and error methods, the results of which 
were kept as trade secrets. During the past decade, 
much of this secrecy has been lifted and considerable 
published data have been made available. However, 
there is still a lack of scientific formulae and data 
suitable for use in predicting the results of deep- 
drawing operations. The many variables that arise 
from changes in the metallurgical characteristics of 
the sheet stock and changes in the materials are re- 
sponsible for much of this lack of data. 

In normal times the automobile manufacturers are 
the biggest users of large stampings. This field pre- 
sents the greatest difficulties in meeting the creations 
of the designers. Because of the ever increasing use 
of functional design, steel mills and stamping plants 
alike must strive incessantly to better previous records 
in producing involved and intricate shapes from 
metal sheets. 

In 1941 fenders and body parts were difficult to 
make. When 1942 models were released, misgivings 
were the rule, but through close cooperation the 
problems were solved. Yet, looking at some of the 
illustrations now appearing in newspapers and trade 
journals, it seems as if the deep-drawing problems of 
the automotive industry are just beginning. 
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Analyses of Deep Drawing Steels 


The steel most commonly used for deep-drawn 
sheets is rimmed steel of approximately the follow- 
ing analysis: 


Carbon 0.08% Max. 
Manganese 0.25 to 0.40% 
Phosphorus Low 

Sulfur Low 

Silicon Trace 


All other elements are kept as low as possible. 
Tin is particularly harmful in drawing epetations 
because of its hardening effect. Combinations of 
small amounts of other metals such as chromium, 
copper and nickel are also objectionable. 

Both basic open hearth and Bessemer steels are 
used for sheets. Bessemer steel is usually only con- 
sidered ‘for flat work or angle bending, never for 
deep-drawing. Even with the chemical analysis and 
steel type given, choice of selected slabs from an 
ingot may be necessary for extra difficult stampings. 

The refrigerator and stove manufacturers are prob- 
ably the second largest users of stampings. Many of 
the parts for these products are enameled and require 
a sheet especially made for porcelain or glass enamel- 
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ing. This sheet differs somewhat from the automo- 
tive sheet both in analysis and surface finish. It has 
lower carbon and manganese content, and all other 
elements must be kept to a minimum. One reason 
tor keeping the content of these elements so low is 
that, in the early days, the frit or glass used in the 
enamels required a high temperature for proper 
fusion. Thus, if the sheet should pass through the 
critical point before the frit were fully fused, a detri- 
mental expansion and contraction would take place 
and cause buckling or warping of the stamping. 
Stresses in the stamping, which are released at the 
enameling temperature, may also cause warpage. 

The surface required is dull or slightly rough. It is 
obtained from etched rolls and is very helpful in 
giving good enamel adherence. 

In recent years, some of the stampings for stove 
and refrigerator assemblies have taken on the aspect 
of deep draws. With sheets of extra low analysis it 
it difficult to make these draws because the sheets 

re too soft and weak. They neck down and pull 
part before the desired depth of draw has been 
iched. Sheets with nearly the same chemical com- 

Osition as automotive sheets, made with very care- 

il mill manipulation to give inherent flatness and 


roper surface, have been found very satisfactory, 


pecially since the frit manufacturers have adopted 
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The grain size of sheet steel, which is controlled by the 

melting and rolling practice, determines its suitability 

for the production of various types of deep drawn parts. 
(100 X Nital etch) 





Successful production of deep drawn 
steel parts depends not only on a 
careful choice of sheet stock, but 
also on the proper die materials. 











lower-temperature frits which lend themselves very 
well for use in connection with steel of this analysis. 

In cold-reduced sheets or strip age hardening may 
occur anywhere from a week to several months after 
the final tempering or skin pass. Age hardening 1s 
becoming generally recognized and the demand is in- 
creasing for sheets that will not age harden in storage. 
The changes occurring in age hardening of sheet and 
strip are higher tensile strength and elastic limit or 
yield point, with a corresponding increase in Rock- 
well hardness, and a lowering of elongation or duc- 
tility, as evidenced by lower Olsen cup values. 

In the case of difficult stampings the supplier 
sometimes stored the sheets or coils at the skin pass 
mill and gave them their final skin pass just before 
shipment, with the stipulation that they be used as 
early as possible after receipt. However, this was no 
real answer to the problem. 


This article is based on a talk recently presented by Mr. 
Nisbet before the Detroit district, Pressed Metal Institute. 
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Proper choice of die materials depends upon the type of part to be made, the kind of steel to be used and the quantity of 
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The double yield point found in low carbon sheet steels 
is the basic cause of stretcher strains. 
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Physical Properties of Deep-Drawing Steels 


Some steel producers believe that the optimum 
grain size for deep-drawing is 100 grains per sq. in 
This type of sheet will average about B42 Rockwell 
A grain much finer than 100 per sq. in. is too hard, 
while a coarser grain results in an orange-peel or 
granulated surface that the stamper must polish be 
fore he can deliver it to his customer. 

It is generally conceded that, in drawing, the best 
sheet has low Rockwell hardness, B38 to B42, high 
Olsen cup values, low elastic limit, high tensile 
strength and high elongation. The elastic ratio, which 
is defined as the elastic limit divided by the tensile 
strength, should be low for deep-drawing sheets 
This will give a sheet which is not susceptible to the 
formation of stretcher strain. 

The average Rockwell hardness and the correspond 
ing grain size required for various applications are as 
follows: 


Rockwell Hardness Average Grain Count! 
B54 384 
BS] 288 
B48 192 
B45 144 
B42 96 
B39 72 
B46 18 


Small grain size steels with an average count ol 
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200 to 384 grains per sq. in. are not deep-drawing 
materials, yet they are needed in forming certain 
parts. Steels with a grain size of 180 to 192 lend 
themselves readily to roll formations, where fluting 
is undesirable and a certain amount of spring back 
is desired. 

Steel with a grain count of approximately 145 
lends itself very readily to roll formation without 
fluting and with minimum spring back. A grain 
count of 95 is satisfactory for deep and extra deep 
draws, while steel with a grain count of 48, when 
deep-drawn, has a definite tendency to produce an 
open-surface or orange-peel effect. 


Elimination of Stretcher Strains 


The term stretcher strains or Luder lines is used 
to describe a condition that is encountered in the 
stretching or elongation of steel sheets. These lines, 
vhich occur in sheets of high elastic ratio, are the 
result of necking or localized reduction in cross- 
ectional area. 

In commercial cold-rolled steel, fully annealed, 

eld point elongation will run from 3 to 5% of the 
tal elongation. Sheets of acceptable drawing quali- 

es, untreated for strains, should be within 3 to 7%. 
However, one can hardly expect to elongate all zones 


ef 


an irregular deep- drawing to a mean of 3 to 7%. 


Three general methods of eliminating or reducing 
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The drawing of non-symmetrical parts, such as this truck side panel, requires special care in 
lubrication and choice of steel. 


these strains are available. One is to give the sheets 
a temper or skin pass of 0.5 to 2.0% reduction for 
the elimination of much of the yield point elonga- 
tion. A second method is to give a light skin pass 
followed by a light stretcher levelling. The third 
method is to roller level. This method often has to 
be used even where the sheets already have had 
light skin pass at the mill. 

Although it produces no apparent changes in struc- 
ture, it does cause a definite change in the stress- 
strain diagram. Roller leveling of sheets is usually 
only effective within 24-hr. periods previous to draw- 
ing. Most large users of sheets have their own roller 
levelers for this work. In some sheets the tendency to 
produce stretcher strains is so marked that it is neces- 
sary to roll the sheets several times and also cross or 
diagonally roll them. If strains still appear after all 
these passes, they probably cannot be removed, 
least not in the stamping plant. The reason may per- 
haps have been too light a skin pass at the steel mill. 


Die Materials 


The ideal die material should be easy to work and 
readily hardened when necessary. It should be re- 
sistant to wear, deformation, abrasion, and seizing 
during production runs. It should also possess some 
degree of natural “slipperiness” and must, of course, 
not be too expensive. Although none of today’s ma- 
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terials completely satisfy all these requirements, it is 
generally possible, by compromising, to find the ma- 
terial most suitable for any specific job. 

Beginning with wood, which is used in art press 
work, the price of die materials increases with regular 
gray cast iron through alloy irons to carbon steels, 
going still higher for alloy steels and reaching the 
final high with the various complex proprietory alloys 
such as those used for hard surfacing. 

On small dies, where the cost of the material con- 
stitutes only a small part of the total cost, the use of 
the more expensive alloy steels may often prove the 
most economical. The largest expense in a tool pro- 
gram is, of course, the machining to shape and the 
final fitting and polishing. 

Use of expensive material throughout large, com- 
plicated dies is usually not justified. A low alloy cast 
iron with hardened steel inserts at the points of 
maximum wear will do the job, with a many-fold 
increase in die life. Additional life, and other ad- 
vantages, may be gained either by using a hard- 
surfacing alloy or by surface hardening the areas 
around the blank holder where the greatest flow of 
metal occurs. 

Machinability of large plain cast-iron dies is mainly 
determined by the graphitic grain size. There should 
be no hard spots or local chilling. In alloy cast irons 
the ease of machining decreases as the alloy content 
goes up because the alloys increase the toughness of 
the pearlitic matrix. 

Three stages are involved in preparing a die for a 
production run: 

1. Rough shaping. The final cost will depend upon 
the equipment used, but many hours of machining 
time may be saved if the Keller die sinker is used. 
In this machine, electrical control of a mechanical 
finger, which under light pressure passes over a pat- 
tern of the desired shape, actuates the cutter in three 
dimensions and thus reproduces the pattern in the 
rough casting or forging. 

2. Final finishing. After rough machining, the dies 
are filed and ground by hand. 

3. Polishing. Cast iron dies polish easily and main- 
tain their polish throughout their life. On harder die 












surfaces the polishing is more difficult and requires 
longer time. Polishing is a very important factor jp 
the final performance of the die, and it is one facto; 
which is most generally neglected. Manufacturers 
who have produced aluminum stampings soon learned 
that the more highly a die is polished, the less hand 
work has to be done on the finished piece. This also 
holds true for steel stampings, but it is often over. 
looked. The result is that throughout a production 
run it is necessary frequently to stone the die to fe. 
move scratches. The importance of high polish cannot 
be stressed too strongly, as it means better die per. 
formance, less stamping breakage and less iieaue nt 
work on the stampings. 


Die Abrasion and Lubrication 


There are two main causes for the abrasion of the 
dies: first, foreign particles which are carried to the 
dies and the work by air and the lubricants, and sec- 
ond, oxide coating on the sheets. Such coatings cause 
untold damage to the dies and will eventually roughen 
even the hardest steel. When it is necessary to use un- 
pickled sheets, the cheapest die material that can be 
used is sometimes the most economical. 

A light oxide coating, similar to the temper color 
on cold-finished sheets that have been exposed to an- 
nealing leakage, will often act as a lubricant, and care 
must be exercised in handling such sheets. In making 
fender blanks from a batch of sheets with a film of 
oxide along one edge, it was found most difficult to 
control the flow of metal, as the oxidized edge flowed 
across the blank holder with greater ease than the 
edge which was free from oxide. 

Seizing or galling is the result of a natural affinity 
of the molecules in the die steel for the molecules in 
the metal being worked. The greater the difference 
in hardness between the die material and the sheet 
steel, the less seizing will take place. 

Nonferrous metals would be excellent materials for 
eliminating seizing, but they lack the core strength 
required in dies. Hard chromium surfacing meets the 
nonferrous requirement and also possesses a natural 
slipperiness that makes it an ideal die material. 


Truck fenders, al- 
though easy to form, 
present difficulties in 
avoiding stretcher 
strains. 
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Chromate treated parts are 


: moved slowly through a 
4 150 F oven after surplus 
| d water has been removed by 
" air blast. (Courtesy: New 
4 Jersey Zinc Co.) 
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 Chromate Finishes to Protect Zine Surfaces 


by GEORGE BLACK 


OR MORE THAN A CENTURY, zinc has been used Long before government specifications called at- 

successfully as a corrosion resistant material. The tention to this need, the wide awake research units 

slow and uniform weathering it exhibits under of interested corporations were busily working out 

. the majority of exposure conditions has been re- simple dip treatments to enhance the beauty and 

E sponsible for the continued expansion in the use of increase the corrosion resistance of zinc surfaces. It 

q zinc alloy die castings, rolled zinc and zinc electro- is the purpose here to present and discuss some of 
plate. 


Observation has shown, however, that when zinc is 
exposed to stagnant moisture with limited access 
0 oxygen, or to slow drying films of condensed mois- 

ire, a non-uniform type of corrosion occurs which 





f sults in the formation of bulky white corrosion : ‘ : : 
roducts. In addition to causing an unsatisfactory ap- Although Zinc I$ highly resistant to 
earance, this irregular corrosion formation may pre- : : : : 7 
nt proper functioning of close tolerance units. corrosion, Its uSe In certain atmos 
‘ith this in mind, the joint Army-Navy specifica- pheres results in irregular COrrosion 


n for requirements of zinc plating specifies that 
e plating be treated in such a manner that the 
rmation of white corrosion products will be ap- 
eciably retarded during the standard salt spray test. 


which is slowed by simple treatments. 
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These small parts are ready to be dipped in the Cronak tank for 


treatment. (Courtesy: New Jersey Zinc Co.) 


the leading chromate passivating treatments which 
have grown to such popularity during the past few 
years. No attempt will be made to cover processes 
involving the use of electric current, and since com- 
parative corrosion data is not available for all the 
processes to be discussed, it is emphasized that no 
choice should be made by product engineers until they 
are certain that the process chosen meets at least the 
minimum demands of their product. 

The impossibility of describing all available proc- 
esses, as well as the impracticability of such a pres- 
entation, has led to the choice of three major lines of 
zinc after-treatments. First to be discussed will be 
the senior treatment, Cronak, which was patented over 
a decade ago by the New Jersey Zinc Co. We shall 
then present the Iridite line, marketed by Rheem 
Research Products with such tremendous success dur- 
ing the war. And, finally, the newest series of surface 
coatings, presented by United Chromium, Inc., known 
as Unichrome Dip. 


The Cronak Process 


Fundamentally, the Cronak process consists of ap- 
plying a film of basic chromium chromate by immer- 
sion in an acidified solution of sodium dichromate. 
Since the film is formed by chemical interaction of 
the solution and the surface, thorough cleaning prior 
to immersion is a necessity. The only zinc surfaces 
which can be treated without some type of cleaning 
operation are freshly produced electrodeposited 
coatings. 

After thorough cleaning and rinsing, the parts be- 
ing treated are immersed in the room temperature 
Cronak solution for a few seconds. They are then 
rinsed in cool water and blown dry. The film formed 
by this simple immersion method is thin and ad. 
herent. It will vary in color, depending on the original 
surface and the duration of the immersion. Unal- 
loyed rolled zinc, zinc alloy die castings and zinc 
coatings containing no copper will acquire a golden 








Table 1—Characteristics of the Cronak 





Process 
Application: 1. Clean thoroughly ma 

2. Double rinse in cold wat 

3. Immerse in Cronak solutix 

4. Double rinse in cold water 

5. Blow dry with compressed air 
Appearance: Iridescent to golden brown 
Operating Conditions: 1. Room temperature 

2. pH 0.9 to 1.5 

3. Agitation limited to motion 

required by equipment 
4. 5 to 30 sec. 
5. Maximum draining time prior 


to final rinses—30 sec. 
6. Avoid hot water rinses 
Avoid handling until thor- 
oughly dry 


Approximately 0.00002 in. 


Glazed earthenware, stainless steel, 
ingot iron or S.A.E. 1010 steel 
plate. 


Thickness: 


Container: 











brown colored appearance: when copper is present 
in the alloys, the film assumes a dark, greenish tone. 
The time of immersion has a definite effect on the 
appearance, thickness and adherence of the film. 

Generally speaking, the color darkens and the 
thickness increases with increase in time. The film 
produced by 5-sec. immersion is usually so thin that 
it appears highly iridescent, and the golden brown 
iridescence which characterizes the Cronak film is 
formed within 30 sec. Longer treating time should 
be avoided. 

In order to find out the actual protective value of 
their Cronak process, the New Jersey Zinc Co. con- 
ducted a series of corrosion and outdoor exposure 
tests. Data compiled indicates quite clearly that 
Cronak treated zinc retards the formation of white 
corrosion products extensively, when the parts being 
tested are subjected to stagnant or condensed mois- 
ture. Exposure to normal outdoor atmosphere, wher¢ 
parts wet with rain, mist or dew dry relatively rapidly, 
involves a different mechanism entirely. Under out- 
door exposure conditions, the Cronak film , gradually 
loses the golden color, leaving a pale, greenish-blue 
film similar in appearance to the normal outdoor 
corrosion film which forms on bare zinc. These test 
results show conclusively that the Cronak film on 
zinc-coated steel, when exposed in industrial atmos- 
pheres, does not extend the time to rusting by more 
than a few percent. In other words, the Cronak film 
reduces sharply the extent of corrosion by contact 
with condensed or stagnant moisture, but it cannot be 
considered a substitute for an adequate thickness of 
zinc coatings for outdoor exposure. 

Control of the Cronak solution by means of 
pH meter equipped with a glass electrode is a rela 
tively simple matter. The pH of the bath is main 
tained between 0.9 and 1.5 by routine checking an 
additions of sulfuric acid as required. Where pH 
equipment is not available, a simple expedient ha: 
been used in commercial practice. A known quantit 


of the Cronak bath is removed and small acid addi 
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The Iridite finish on these zinc-plated pieces of trunk 
hardware is used as a base for a final paint coating. 
(Courtesy: Rheem Research Products.) 


tions are made to it until a sample dipped under 
appropriate conditions becomes coated with a satis- 
factory film. The same percentage additions are then 
made to the bath. 

The use of a specially prepared chromic acid type 
of solution instead of the usual dichromate process 
permits the application of Cronak films to hot dip 
zinc coatings. Neither solution, however, will form 
films satisfactorily on zinc-iron alloys; and hence, 
the Cronak process is not applicable for tight-wiped 
galvanized or Sherardized products on which there 1s 
no pure zinc layer. Application details for the chromic 
acid process are similar to those described for the 
regular Cronak treatment. Table 1 lists some of the 
important characteristics for successful application. 

Films of unsatisfactory appearance or qui ality can 
be removed prior to retreatment, by immersion for 
several minutes in a boiling solution of 200 grams of 
sulfate-free chromic acid per liter of water. Freshly 
produced films are more readily removed by this pro- 
cedure than those which have been permitted to 
harden. If any difficulty is encountered in retreating 
stripped work, passage through the alkaline cleaning 
cycle should eliminate the trouble. 


The Iridite Process 


The Iridite line of protective finishes for zinc sur- 
taces was developed during World War II and was 
widely used as a protective and camouflage finish 
on many types of equipment, such as cot hardware, 
tuzes, radio, radar and aircraft parts, ammunition 
ontainers, etc. Its popularity has continued in peace- 
ime production, and the original olive drab finish 

is had its face lifted to meet the appearance de- 

inds of washing machines, office equipment, hard- 
ire, automotive equipment and the like. 

[ridite Olive Drab, the first of the many [ridite 

atings, is applied by simple immersion at room 

mperature for approximately 60 sec. It forms an 
tractive olive drab surface that is uniform in color, 





This illustration shows the Iridite treated galvanized 
cooler of a vending machine after a year’s service. 


does not alter the texture or dimensions of the surface, 
and greatly retards the formation of white corrosion 
products. Increasing the time of immersion or raising 
the temperature of the final rinse appreciably dulls 
the surface. 

In order to process with maximum efficiency it is 
recommended that the pH be maintained between 
2.8 and 3.2. Mild agitation of the work while in the 
solution insures uniform coverage. Ordinarily Iridite 
Olive Drab can be applied immediately after plating, 
without the necessity for bright treatments. If, how- 
ever, the parts have become oxidized due to delay in 
processing, immersion in a dilute nitric acid solution 
is required. Recommended uses for Iridite #1 (Olive 
Drab) are zinc plated parts, zinc alloy die castings 
of low copper content, and sheet zinc. In all cases 
the finish can be used as a paint base or as a final 
serviceable and decorative coating. 

[ridite #2, referred to as Galvon, was developed as 
a protection for galvanized surfaces and as a finish 
for all zinc alloy die castings. Its use as a finish for 
die castings has been suspended in favor of Iridite #3 
(Bronze), but it ranks high among the coatings in 
use for galvanized surfaces. Operated within a tem- 


Table 2—Characteristics of Iridite Olive Drab 





Application: |. Clean thoroughly 
2. Water rinse 

3. Immerse in Iridite 
4. Cold water rinse 

5. Hot water rinse 

6. Dry 


Appearance: Uniform olive drab 


Operating Conditions: 1. Room temperature 

2. 2.8 to 3.2 pH 

3. Approximately 30 sec 

1. Mild agitation 

Acid proof brick tanks, stoneware 


crocks, koroseal orf tygon-lined 
tanks. 


Container: 
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perature range between 75 and 90 and at a slightly 
higher pH than the Olive Drab finish, successful 
coatings are applied within 30 sec. Experimental 
tests have shown that Iridite Galvon reduces the force 
of galvanic corrosion when in contact with all popu- 
larly used metals except magnesium. 

Iridite #3 (Bronze) is recommended for use on 
zinc surfaces when the olive drab color is objection- 
able, and as the best of the Iridite finishes for zinc 
alloy die castings. The most satisfactory bronze color 
is obtained by a 40-sec. immersion at 80 F. As the 
immersion time increases, the iridescence decreases, 
and the bronze color becomes progressively darker. 
Directions for application to zinc electroplate are 
similar to the other Iridite coatings, but a special 
precleaning treatment consisting of a 20-sec. immer- 
sion in a 4-oz. per gal. solution of tri-sodium phos- 
phate at 170 F, a 15-sec. immersion in a 6-oz. per gal. 
solution of caustic soda at 200 F, a cold water rinse, 
and a 15-sec. immersion in a 0.3% by volume sul- 
furic acid is required. 

There are other Iridite treatments worthy of in- 
vestigation by product engineers and finishing per- 
sonnel, but the three mentioned above are those 
which give maximum corrosion resistance. They may 
be produced with a minimum of control require- 
ments and can be relied upon for consistency and 
uniformity. The abrasion resistance of the coating 
can be increased by baking at approximately 250 to 
300 F for 10 min. Although this baking treatment 
reduces the salt spray resistance of the film, it sub- 
stantially increases its resistance to mild acids and 
alkalies. 

Laboratory tests indicate that the Iridite finishes are 
excellent paint bases. The vehicle component of 
paint formulations is extremely important with re- 
spect to adhesion of paint coatings to these chromate 
films. Paints containing nitrocellulose, phenolic resin 
and cooked phenolic resin varnish vehicles are un- 
satisfactory for use over Iridite. Some satisfactory 
vehicles are vinyl plastic, urea, formaldehyde and 
alkyd resin and cooked ester gum varnish. 


Unichrome Dip Process 


Among the newest of zinc protection coatings 1s 
the Unichrome Dip line, which includes an Olive 
Drab, a Black and a Clear Dip. These three com- 
paratively simple immersion treatments require no 
filtering, ventilating, agitation or electrical equipment. 

The Olive Drab Dip for zinc surfaces is a simple 
means of applying an olive drab protective coating 
which increases both the corrosion resistance and the 
appearance. Within the specified temperature range, 
60 to 90 F, brighter and more resistant coatings can 
be applied if the lower limit is approached. In gen- 
eral, uniform coatings can be applied within 1 to 5 
min. The longer the immersion period, the darker 
the color and the greater the wear resistance. Al- 
though some zinc die cast alloys give a gray color 
rather than the usual olive drab, the corrosion re- 
sistance is not impaired. Maintenance of the solution 
to replenish drag-out losses requires adjustment at 
regular intervals to the recommended Baumé value. 
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Table 3—Characteristics of Unichrome 
Olive Drab Dip 


Clean thoroughly 7 
Water rinse 

Immerse in Unrichrome Dip 
Cold water rinse 

Dry 


Uniform olive drab 





Application: 


WN 


Appearance: 


Operating Conditions: Room temperature 
pH 0.8 to 3.0 
Density—10 to 30° Bé 
1 to 5 min. 


No agitation required 


W Do be 


Container: Unlined stainless steel tanks, brick- 
lined (with acid-proof backing) 


steel tanks, or acid-proof crocks. 











The main characteristics of the bath are described in 
Table 3. 

The Unichrome Black Dip for zinc coatings pro- 
vides a lustrous black surface with a single dip, and 
is applied in accordance with application instructions 
for the olive drab film. The upper part of the pH 
range is used to obtain the darkest color; and, as in 
the olive drab coating, low temperatures favor bright 
coatings with maximum corrosion resistance, while 
longer dip periods darken the color and improve the 
wear resistance. 

The most lustrous black is produced by drying 
quickly in a centrifuge or by means of a cold air 
blast. Hot water should not be used for rinsing or to 
speed drying, as it will tend to dull the finish and to 
decrease the corrosion resistance. 

The Unichrome Clear Dip for zinc surfaces is a 
simple and economical means of applying a clear, 
bright corrosion-resistant coating on zinc plate. The 
ordinary pH meter is not suitable for checking this 
solution, and for maintenance purposes, special Uni- 
chrome Dip papers have to be used. The specific 
gravity must be maintained between 1.14 and 1.23 
with a Baumé reading between 17 and 27 deg. The 
solution is operated between 60 and 80 F, and proper 
application is made within 5 to 20 sec. 

After double rinsing to insure complete removal 
of processing solution, parts are given a 30-sec. dip in 
boiling water. This not only facilitates drying, but 
serves to remove any discoloration caused by traces 
of the dip solution clinging to the work. 

Cronak, Unichrome Dip and Iridite are but a few 
of the many treatments designed to increase the cor- 
rosion resistance and the appearance of zinc coatings. 
During the past few years there has been a tre- 
mendous increase in the use of other chromate pas- 
sivating treatments, phosphate coatings and anodic 
conversion coatings. The choice of the coating must 
depend upon the end result demanded, the available 
money and equipment, and the time ‘and space al- 
lotted to processing. No choice should ever be made 
without a comparative study of operating conditions 
and results. Although the use of zinc has been on the 
upgrade for a long time, the recent research develop- 
ments lead one to believe that the peak is still a long 
way off. 
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2EVERE METALS 
Meet Strict 
Lock Requirements 


* * * 


ere is an example of the manner in which the 
hide variety of Revere Metals permits exact speci- 
Hcation. In the manufacture of this lock five 
evere Metals are employed. Here they are: 


1. 70-30 Cartridge Brass for the dial flange 
2. Commercial Bronze, 90%, for case, case lid and 


bolt 


3. Heavy Leaded Brass for tumbler parts and other 
items, including dial, requiring exceptionally 
accurate machining 


4. Free Cutting Brass in Rod and Extruded Shape, 
for the machined and knurled head, and for the 
angle bar 


5. Forging Rod, for the tumbler driver 


Selection and employment of these metals en- 
abled the manufacturer to meet the many different 
Hequirements of fabrication methods, and at the 
Hsame time assure strength, long life and reliable 
loperation. Revere Metals perhaps can do as 
much for your own product. For cooperation in 
the choice and use of these metals, ask about the 
pRevere Technical Advisory Service. Revere sup- 
pplies mill products as follows: Copper and Copper 
Alloys: Sheet and Plate, Roll and Strip, Rod and 
Bar, Tube and Pipe, Extruded Shapes, Forgings 
| —Aluminum Alloys: Tube, Extruded Shapes, Forg- 
sings— Magnesium Alloys: Sheet and Plate, Rod 
and Bar, Tube, Extruded Shapes, Forgings. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
0 Park Avenue, New York 17, New York 


. — iltimore, Md.; Chicago, Ill.; Detroit, Mich.; New Bedford, 
» “ass., ome, N. Y.—Sales Offices in Principal Cities, Distributors 
Ly Everywhere. 
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Mosler combination lock, most of its parts fabricated 
of Revere Metals. Made by The Mosler Lock Company, 
Covington, Ky., the lock manufacturing division of 
The Mosler Safe Company, largest builders of safes 
and vaults in the world. 














Have FABRICATING PROBLEMS 
limited your 


_ field of design? 


Your parts can be engineered for 
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material and performance rather than 
convenience of fabrication if you specify 
HAYNES precision castings. Parts of 
intricate design can be produced in 
production quantities by this process 
to close dimensional standards so that 











finishing operations are reduced to a 
minimum. 

HAYNES precision castings are avail- 
able in a wide range of alloys that 


dominate the field where strength and 





hardness at high temperatures, and 


resistance to abrasion or corrosion are 





required. Among the alloys having this 
unique combination of properties and 
available as precision castings are 
HAYNES STELLITE, HASTELLOY, and 
MULTIMET alloys. Various stainless 
steels also are precision-cast by the 
HAYNES method. 

Our engineers will be glad to discuss 
the possibility of producing your prob- 
lem parts by HAYNES precision casting. 
Write to any office for further infor- 





mation. 


I he registered trade-marks ‘“‘Haynes,”’ * Ha nes Srellite,”’ 
“*Hastelloy,” and “‘Multimet” distinguish products of 
Haynes Stellite Company. 


Haynes Stellite Company 
Unit of Union Carbide and Carbon Corporation 
ss 
General Offices and Works, Kokomo, Indiana 


TRADE-MARK lath, Chicago— Cleveland—Detroit—Houston—Los 
Angeles —— New York—-San Francisco—Tvisa 
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MATERIALS & METHODS MANUAL 


This is another in a series of Manuals on engineering materials and processing 
methods, published at periodic intervals as special sections in Materials & Methods. 






















for Each of them is intended to be a compressed handbook on its particular 
an subject and to be packed with useful reference data on the characteristics 
ify of certain materials or metal forms or with essential principles, best procedures 
of and operating data for performing specific metalworking processes. 
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7 A Plastics Primer for Engineers 


id 


e by Kenneth Rose, 


Engineering Editor, MATERIALS & METHODS 


To the man who does not work with plastics every day 
there is likely to be considerable confusion in the welter 
of chemical and trade names with which he must contend. 
Therefore, in preparing this manual, the author has sought 
to keep his explanations, of the various groups and types 
of plastics, as simple as possible. All commercially available 
types of plastics are described, classified, discussed and 
their chief uses suggested. Valuable, too, is the table 
which lists the trade names under which the principal 


= plastics are available. 
OR, . Wiis Se oid oe SO 
Contents The Thermosetting Resins . . . . . . . Page 124 
The Thermoplastic Resins . . . . . . . Page 130 
Conclusion: Future Developments . . . . . Page 138 
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Although plastics are not new, the 
widespread use of plastics as industrial 
materials is of comparatively recent 
date. The great number of new types 
of plastics produced in recent years 
has so widened the field of applications 
that today engineers in all branches of 
industry are finding it mecessary to 
know something about these interest- 
ing synthetics, their properties, and the 
methods of working them. 

The number of types, the chemical 
names that indicate their composition, 
and the trade names that designate 
various marketed products or materials, 
properly included with the plastics, 
combine to create a situation confusing 
to the engineer in another branch of 
industry who wishes to acquire a fun- 
damental knowledge of these new ma- 
terials. It is to help these engineers, 
designers, executives, and others having 
no knowledge of plastics, but wishing 
to obtain a groundwork of general 
information about them, that this 
manual is written. 

Use of trade names to identify the 
plastics produced by a manufacturer 
created no great difficulty when there 
were only a few kinds of plastics 
available, and fewer suppliers. Now 
there are more than 30 chemically 
distinct plastics families, and numerous 
formulations of many of these basic 
types. Certain of these types may be 
reinforced with a fibrous material, or 
loaded with an inert powdered material 


called a “filler.” When the fibrous 


Introduction 


reinforcing is used, 
laminates, 


producing the 
idditional variation is 
possible in the physical properties of 
the end products by varying the type 
or characteristics of the laminating 
material. A single chemical type may 
be made in several different physical 
forms, such as nylon filament or mold- 
ing powder, or cellulose acetate sheet 
or cellular material. In addition, there 
are now being produced several 
“blended” plastics, in which chemically 
different plastics materials are com- 
bined in intimate mixes of various pro- 
portions. Finally, it is the practice of 
many molders and other fabricators of 
plastics to confer their own trade 
names upon the plastics materials they 
have worked. The result of the entire 
Situation is that hundreds of different 
plastics materials are offered to in- 
dustry under trade names that, usually, 
have no relationship to their chemical 
composition or physical properties. 

The Society of the Plastics Industry 
made an attempt to bypass this con- 
fusing situation several years ago by 
preparing a classification for all basic 
types of plastics, modelled upon the 
S.A.E. classification for steels, and 
using coded physical properties as its 
type numbers. It has so far failed to 
achieve general acceptance, due partly 
to the fact that physical properties are 
not always the determining factors in 
the alanis of a plastic for a given 
application. 

In the choice of a material, then, the 
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types of plastics materi: ls, the problem 
of associating trade names with chem 


ical compositions is not formidab 
listing, given in another part of 
manual, of standard types, trade 
and manufacturers should be of 
tance. 


General Nature of Plastics 


In thinking of plastics, the 
question likely to occur to the eng 
is, “What is a plastic?” Because « 
diversity of materials and manuf 
ing processes involved, it is n 
to arrive at a definition that v 
clude the entire group. Perhay 
simplest is “an organic solid, po 
ized to high molecular weight, 
or was capable of being form 
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with the aid of heat or 
eure, or both.” Awkward as this 
nition is, it 1s somewhat simpler 
the official definition given by the 
riety of the Plastics Industry, which 
wes that a plastic is any one of a 

- and varied group of materials 
nich consists of, or contains as an 
-atial ingredient, an organic sub- 
race of large molecular weight and 
hich while solid in the finished state, 
some stage in its manufacture has 
vq or can be formed into various 
papes by flow, usually through ap- 
cation singly or together of heat 
d pressure.” ; 
An essential thought in this defini- 
on is the one giving the name to the 
pire group—that of formability by 
ow. It is this “plasticity” of the ma- 
rials—this ability to be formed—that 
aracterizes the group from the en- 
ineer's viewpoint, as well as from the 
byman’s. The engineer is acquainted 
‘ith fow in metals, both hot and cold, 
nd makes use of it in forging and 
ressing, drawing, extruding, and sim- 
at forming operations taking place 
below the melting point of the metal. 
he phenomenon is much less common 
mong the nonmetals, if casting of 
e truly molten material and simple 
bending of the cold material be ex- 
luded. Certain of the plastics can be 
ast, but in this case casting is simply 
ouring of the cold liquid resin into 
} mold, and letting it solidify. by chem- 
cal change rather than by freezing. 
When most other nonmetallics are 
iolded, a foreign substance (a binder ) 
Is used to join very fine particles of the 

onmetallic, or the material is fused 
pnd poured before freezing. 

Moldability is perhaps the most val- 
able forming property of the plastics. 
It permits them to be made into any 
Shape for which a die can be made, 
end with all the economies of this 
high production method. While several 
important groups of plastics utilize 
molding to a limited extent only, as 
will be shown, and increasingly large 
tonnage of films and coatings are being 
made, molding remains the production 
method most generally associated with 
the plastics. 

Nature has produced a few sub- 
stances that might be called plastics, in 
that they possess this property of 
lormability by flow. Bitumen is one, 
and, occurring as such in the Middle 
East where civilization had its begin- 
ings, was used in ornamenting build- 
ngs in some of the ancient cities of 
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Sumeria. Another natural plastic, lac, 
has long been used in the Orient, al- 
though seldom in a way that shows 
recognition of its true plastic proper- 
ties. It is a resin secreted by a species 
of scale insect as it feeds upon the 
small branches and twigs of certain 
trees, and has been an important ar- 
ticle of commerce in northern India 
and China for many years. It formed 
the basis of lacquer, and, more in 
keeping with true plastics properties, 
of sealing wax. It is still important in 
modern technology as an alcoholic 
solution of the resin, familiar as shellac. 


The Older Plastics 


The first of the synthetic materials 
that we now know as plastics was de- 
veloped in 1868 by John Wesley 
Hyatt, of Albany, N. Y. Seeking a 
substitute for ivory, in competing for 
a $10,000 prize offered for a material 
suitable for use in making billiard 
balls, he produced celluloid. It was 
made from cellulose nitrate treated 
with camphor, and heated and com- 
pressed. Celluloid could be molded, and 
soon became a preferred material for 
toiletware, collars, and similar articles. 
Its ready flammability was a drawback. 

The same century saw the begin- 
nings of several other plastics families. 
About 1890 the casein of skimmed 
milk was converted into a hornlike 
solid by treatment with formaldehyde. 
It was nearly thirty years later that 
these plastics were imported from Eu- 
rope to the United States. The develop- 
ment of the phonograph brought the 
need for a plastic for records, and a 
composite based upon the natural resin, 
lac, was developed about 1895. 

The father of modern plastics was 
a Belgian chemist, Dr. Leo H. Baeke- 
land, who came to the United States 
while still a young man after gradua- 
ting from the University of Ghent. He 
made a fortune by his work in photo- 
chemistry, and then in 1909 started a 
long series of researches into certain 
reactions between phenol and formal- 
dehyde that had been reported from 
Germany. He obtained an amorphous 
mass that could not be melted after 
having been formed, that acted as a 
nonconductor of electricity, and was 
highly resistant to the action of many 
chemicals. Dr. Baekeland was a very 
practical man as well as a brilliant 
chemist, and he foresaw many fields of 
application for the material with the 
unusual properties he had developed 
in his laboratory. He called it Bakelite, 


and wrote it with the symbol for in- 
finity to indicate its apparently limit- 
less possibilities. Bakelite became the 
first of that important group of syn- 
thetic resins now called the phenolics, 
and remains today one of the most use- 
ful of the industrial plastics. 


The natural plastic, bitumen, was 
revived about 1909 as the basis for 
cold molded composite plastics con- 
taining asbestos and other ingredients. 
These are molded under pressure, but 
without application of heat. 


Modern Developments 


During the past 20 years progress 
has far surpassed that of the preceding 
sixty. The alkyd resins, much used in 
paints and varnishes, were developed 
about 1926. Cellulose acetate, slow 
burning, appeared in 1927 to supple- 
ment and gradually to replace the com- 
bustible celluloid. The first of the sty- 
renes and vinyls were announced in 
1930, and a new composition resem- 
bling the original Bakelite was pro- 
duced, the new material being a urea- 
formaldehyde resin. The following 
year saw the introduction of the ac- 
rylics. Cellulose acetate butyrate was 
announced in 1932. 


The glasslike methyl methacrylates 
were first produced in this country in 
sheet form in 1936, and the next sev- 
eral years saw the development of new 
esters and copolymers among the cellu- 
losics, vinyls, and styrenes. During the 
war years plastics based upon the allyl 
esters, ethylene, new styrene copoly- 
mers, tetrafluoroethylene, and finally 
upon an entirely new linkage con- 
taining silicon in an organic chain, 
giving the silicones, were announced. 

This list has omitted the synthetic 
rubbers, the use of natural rubber, and 
the development of vulcanizates of 
both natural and synthetic types. The 
synthetic rubbers occupy an anomalous 
position, in that they fall within the 
meaning of the definition of plastics, 
but their development and application 
have been closely associated with the 
rubber industry. Rubber is itself a 
natural plastic, but so great an industry 
has grown up around it that it is us- 
ually considered separately for practical 
purposes. 


Another group of plastics must be 
included with the wartime develop- 
ments in the industry, however. These 
are the plastic “blends,” in which plas- 
tics of several different types are com- 
bined with synthetic rubbers, and new 
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materials of intermediate properties re- 
sult. These have included blends of oil- 
resistant synthetic rubbers with phenols 
and with vinyls, and doubtless other 
combinations are possible and will be 
made commercially. 


The Timeliness of Plastics 


The quick acceptance of plastics by 
both industry and the public as val- 
uable materials has been due to a 
unique combination of properties. In 
addition to being unique among the 
materials, many of these properties 
were offered by plastics at precisely the 
time when they were in demand. Thus, 
the development of plastics closely 
parallels, chronologically, the develop- 
ment of the airplane; it is not mere 
chance that lightweight plastics have 
begun to go into the aircraft industry 
over the past 15 years especially, when 
commercial aviation was demanding 
weight savings in trim and accessories. 
Likewise, plastics with unlimited color 
possibilities were produced at the time 
when the buying public had begun to 
demand color in the home and its 
furnishings, in apparel, in automobiles, 
trains, everywhere. 

Bakelite was first produced in 1909, 
and the period since then has witnessed 
a tremendous expansion of the use of 
electricity in the home and in industry. 
One of the first large-scale users of 
Bakelite was the electrical industry, and 
its use as an electrical insulator still 
accounts for a large part of the annual 
production. 

When industry was developing 
present-day high-speed mass _ produc- 
tion techniques, the plastics industry 
was adopting injection molding and 
extruding methods that offer high- 
speed production of parts needing only 
slight touching-up to finish. Machining, 
grinding, polishing, and similar oper- 
ations required to produce a good sur- 
face on most metal parts are often 
unnecessary with plastics. In speed of 
production and elimination of addi- 
tional finishing procedures only die 
casting can compare with the molding 
methods for plastics, and die casting 
can make use of only a few alloys. 

The most recent example of the 
timeliness of plastics has been in the 
field of ultrahigh-frequency insulation. 
With the usable frequencies in dielec- 
tric heating going higher, with radar as 
both a military and civil development 
demanding frequencies in terms of 
megacycles, and with television grad- 
ually increasing in use, insulators for 


these currents had to be found. Several 
new plastics with the required prop- 
erties were produced exactly when 
needed most, and are today the best 
insulators available for these megacycle 
frequencies. 


General Properties 
of Plastics 


The combination of valuable prop- 
erties offered only by the plastics has 
already been mentioned. These prop- 
erties in general are: 

(1) Light weight. Most kinds of 
plastics will weigh less than mag- 
nesium, lightest of the structural met- 
als. A good general weight figure, ex- 
cluding such specialties as the light- 
weight core materials and foamed 
plastics, would be about 1.35 to 1.4 
specific gravity. This puts the plastics 
definitely into the category of light- 
weight materials. 

(2) Good electrical insulation. The 
importance of plastics to the electrical 
industry, and the importance of the 
insulator market to the plastics indus- 
try, have already been suggested. Plas- 
tics have many competitors in the field 
of ordinary electrical insulation, where 
porcelain, rubber, and various other 
moldable materials are available and 
suitable, but competition fades away 
as the ultrahigh-frequencies are ap- 
proached. The probable expansion of 
the use of television and radar will put 
several of the new plastics, particularly 
several of the styrenes and polyethy- 
lenes, in the same position as favored 
materials that Bakelite had won in the 
lower-frequency applications. 

(3) Good heat insulation. The low 
heat conduction of plastics is used to 
advantage in such applications as 
handles for electric irons, for pots and 
pans, for soldering irons, and for mis- 
cellaneous small tools. 

(4) Resistance to atmospheric cor- 
roston. While plastics are not corroded 
upon exposure to air, their durability 
in outdoor use is variable. Some of 
them resist weather excellently, but 
others absorb moisture to such a degree 
that they soon deteriorate. The thermo- 
setting resins, and particularly the 
phenolics, have low moisture absorp- 
tion rates generally. 

(5) Mechanical properties. These 
vary widely. By way of illustration, the 
ordinary general purpose phenolic may 
have a tensile strength of about 6,000 








to 8,000 psi. When made with , = 
van canvas laminating material the 
strength may rise to about 10,000 . 
12,000 psi. Yet laminates have heal 
prepared with glass cloth as the {ilj. 
that have shown tensile Strengths of 
80,000 psi. and higher. 

Other strength properties likewig 
show a wide variation. The thermp, 
setting materials tend to be brit} 
when made without a filler, but high 
impact values can be obtained wih 
the laminates. Use of plasticizers q\y 
increases impact strength in the ther. 
moplastic materials. 

(6) Fabricating possibilities. P\y. 
tics are machinable, but certain 
the thermosetting laminates, especially 
those in which glass fibers serve as the 
laminating material, are abrasive an( 
require the use of carbide  tooj 
Machinability is not as important ip 
connection with the plastics as with th 
metals, as plastics are to a great exten 
molded to finished shape. 

Molding is the most important fab. 
ricating method used with the plastics 
High-speed molding presses are avail. 
able, but rates of operation are limited 
by the necessity of holding the pressure 
until the molded material has cooled 
sufficiently to hold its shape when 
removed from the mold. Good pro: 
duction is obtained, however, especially 
in the case of the small molded objects 
that form a large share of the total of 
plastics products. 

Plastics cannot be welded in the waj 
that metals are welded, but several 
cementing processes are used when 
necessary. Mechanical fastening cas, 
of course, be used for joining plastic 
in the same way that metals are joined 
In the case of the thermoplastic m 
terials, several special techniques can 
be used that closely resemble fusion 
welding of metal. Heat sealing }j 
dielectric heating is much used for 
joining light films. Friction welding 
has been successfully used in the joit- 
ing of small parts. 

(7) Pleasing appearance. Of great 
importance in consumer goods, this 
quality includes such considerations 4 
surface finish and color. Most plastics 
can be given a high luster by a simple 
treatment with a chemical solvent, bu' 
the molding operation will usually 
produce parts with a finish that does 
not require polishing. Plastics can bé 
metallized if a metallic luster is desired 

A wide range of colors can be ob 
tained by adding suitable dyes to the 
plastic at some stage in its manufacture 
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hese colors are through-and-through 
i. contrasted with painting or other 
Furface coloring of metals. Dark colors 
aly are fe asible with such plastics as 
the phenolics, while others are un- 
jimited in their color possibilities. 

This matter of color is closely as- 
sociated with plastics in the public 
mind. It is one of the factors contrib- 
uting tO make plastics a “glamor” ma- 
terial, whatever that may mean, but 
c also gives them a sales advantage 
that is more easily evaluated. 

Finally, plastics give industry sev- 
eral of its few materials of truly glass- 
like transparency. Some of these are 
now being ground for optical lenses, 
after having served for gun turrets in 
aircraft during the war. They are fa- 
miliar in such articles as toiletware and 


F<mall ornamental pieces. 


Grouping 


> the Plastics Families 


It must be remembered that the 


| materials lumped together under the 


name plastics are exceedingly diverse 


| in their properties. Perhaps as good an 


di ge 
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Ne Fee 
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illustration as any one article can pro- 
| vide is found in the plastics binoculars 


developed during the war. Here one 
plastic was used for the lenses, as clear 
as glass; another formed the rigid and 
opaque frame of the instrument; and 
. third formed the flexible, leatherlike 
Cds 

This property of moldability be- 
comes of importance again as a means 
of classifying the plastics families. One 
difference at once appears—some of 
the plastics can be warmed to a plastic 
state and molded, then warmed again 
and again molded; others cannot be re- 
heated to plasticity after once having 
been formed. The difference is fun- 
damental. In the case of the first group, 
termed the thermoplastics, softening 
under heat occurs as it does in metals, 
while with the second group, called 


hermosetting, a chemical change oc- 
curs, usually at the time of the appli- 
cat of heat and pressure during 
forming. As a result of this chemical 
ch the material does not soften 
ibsequent heating, but chars 

estroyed if the heating is car- 
- e€XCess. 

first of the modern plastics, 
ce 1, was of the thermoplastic 


type. It could be heated and formed to 
a wide variety of shapes, making it 
a versatile material for the production 
of many small items. It could be 
colored through and through, in con- 
trast to painting or other surface color- 
ing. The second material of impor- 
tance, phenol-formaldehyde resin, was 
thermosetting. 

It should be pointed out that the 
thermoplastic materials do not actual- 
ly melt, in the same sense that metals 
melt. Rather, they soften gradually un- 
der heat, as glass softens, and can be 
molded under pressure. 

The property of resoftening under 
heat is not only a convenient means 
of dividing the plastics materials into 
groups, but an extremely important 
industrial attribute also. Broadly speak- 
ing, it divides the plastics into those 
that are primarily industrial materials 
of construction, and those that are 
easily molded or otherwise formed into 
consumer or industrial items for spe- 
cialty use at room temperature. This 
is an oversimplification, but it points 
out the general trend of each group 

The thermosetting plastics are in 
most cases stronger, more heat re- 
sistant, harder, and lower in cost. In 
addition, they can be used to impreg- 
nate fibrous material, and so prepare 
laminated or other filled plastics hav- 
ing higher strength and impact re- 
sistance than the plastic alone. The 
combination of properties dictates 
their use for load-carrying members, 
where resistance to distortion at ele- 
vated temperatures is a determining 
factor, where pricing must be com- 
petitive with lower-cost materials, and 
where creep resistance is important. 

When the cost of forming must be 
held to lowest limits, and when the 


shape of the part is not too intricate, 


the higher speed of injection molding 
is an advantage. It can be used only 
with thermoplastics. While most of 
the thermoplastics possess lower heat 
resistance than the thermosetting types, 
the gap between them is being closed. 
Earlier thermoplastics softened at tem- 
peratures of about 140 to 180 F, but 
there are now available resins that can 
be used up to about 250 F, and a few 
of the newest are usable at tempera- 
tures above 300 F. This temperature, 
300 F, is usually given as the top 
working temperature for the thermo- 
setting resins, so the thermosetting 
types would seem to be gradually los- 
ing the advantage they once held for 
applications requiring resistance to de- 
terioration at elevated temperatures. 


ee 


Transparent Lucite acrylic resin is used 

here to make working parts of a journal 

bearing so effects of design changes can be 
studied. (Courtesy: du Pont Co.) 


The thermoplastics generally have 
better color possibilities than the ther- 
mosets. This helps to give them an ad- 
vantage when used in consumer goods. 
Another field until recently held ex- 
clusively by the thermosetting plastics 
has been invaded by the thermoplastics 
—the laminates. Thermoplastic lam- 
inates are not yet important commer- 
cially, but they have several advantages 
over the thermosetting laminates that 
promise to make them serious com- 
petitors in the future. 

It is helpful to understand the pro- 
cess of forming plastics before taking 
up the study of the plastics families. 
The materials from which the plastics 
are made are produced by the large 
chemical companies, and supplied to 
the plastics industry as: (1) molding 
powder, or flake, or granular material; 
(2) sheets, rods, and tubes; (3) liquid 
resins and adhesives. The first type of 
material will go to the molders, who 
will form it to finished shape by pres- 
sure, and usually heat, between dies. 
The second kind will go to the fabri- 
cators, who will machine it to the 
desired form just as metals would be 
machined from bar stock or tubes. The 
liquid material will go to the lamina- 
tors, who will use it to impregnate 
or cOat canvas, paper, glass cloth, or 
other fibrous sheet stock, this stock 
later to be molded or otherwise fin- 
ished. 

The primary chemical material, 
when the plastic consists of one chem- 
ical compound, is called a monomer. 
The finishing process then consists of 
causing this simple compound to com- 
bine into larger chemical units, with 
the aid of, usually, a catalyst, heat, and 
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pressure. The process is called poly- 
merization, and consists of joining the 
simple molecules into groups of mole- 
cules, without effecting any other 
chemical change. When several dif- 
ferent compounds are polymerized to- 
gether, a copolymer results. In the case 
of those compounds requiring a chem- 
ical change to form the plastic, as the 
phenol-formaldehyde resins, the ma- 
terials manufacturer effects this chemi- 
cal change, but does not complete the 
polymerization. The material can then 
be melted and formed under pressure, 
polymerization being completed dur- 
ing this heat-and-pressure stage, called 
curing. A certain amount of time is 
required for the cure also. 

In the case of certain of the plastics 
materials, a substantial part of the pro- 
duction goes into processes that form 
it into continuous films, or into ex- 
trusions, Or as a coating on fabric 
or paper. 

The formulation for a plastic will 
include the basic chemical compound, 


Phenolics 


The most widely known and one 
of the most versatile of all the plastics 
groups is that called the phenolics. It 
is generally considered to include the 
phenol-formaldehydes and the phenol- 
furfurals. While a study of the manu- 
facture of plastics materials is not 
intended, it must be mentioned that a 
certain variation in composition can 
be made, and that such variations af- 
fect the properties of the finished plas- 


and some or all of the following: 

(a) A plasticizer, intended to give 
the material greater flexibility, or to 
reduce its brittleness. The plasticizer 
may be solid or liquid. 

(b) Filler. This is an inert material 
that adds to the bulk of finished plastic 
obtained, usually at a sacrifice of 
strength and other properties. Fibrous 
material will improve some of the 
physicals, however. 

(c) Pigments or dyes. These give 
the desired color to the plastic. 

(d) Solvents, etc., can be used to 
obtain some special effect. 

(e) For the laminates, a woven or 
matted fibrous material, impregnated 
with the resin in the manufacturing 
process. 

From this list of components, it is 
apparent that the properties of a fin- 
ished plastic may vary widely, and any 
values given are only general, unless 
the formulation is stated, along with 
such manufacturing conditions as tem- 
perature of molding, time of cure, and 


The Thermosetting Resins 


tic. Phenol-formaldehydes, for exam- 
ple, may be made with phenol (car- 
bolic acid), or the phenolic constituent 
may be certain of the cresols, xylenols, 
or naphthols, or mixtures of these. 
The aldehyde constituent is usually 
formaldehyde, used as an aqueous solu- 
tion. Furfural forms the aldehyde por- 
tion of the phenol-furfural plastics. 
Acetaldehyde is sometimes used. 
Because the phenolics are not poly- 
merization products of a single defi- 
nite basic composition, but may be 





This model air conditioning grille was cast from a phenolic casting resin for test pur- 
poses. Finally accepted designs were then molded from a phenolic plastic. (Courtesy: 
Durez Plastics & Chemicals, Inc.) 








pressure of molding, all of which 4 
fect the properties. ‘ 
The various composition types ap 
helpful as a method of grouping te 
plastics because properties may " 
generally stated, and limiting Cond}. 
tions may be given for the family of 
plastics. Despite attempts to pur the 
plastics upon a “properties” basis 
chemical composition remains the moy 
convenient means of classification 
The chemical families grouped 1, 
gether as thermosetting resins include 
the phenol-formaldehydes, the pheno), 
furfurals, the urea-formaldehydes, th 
melamine-formaldehydes, the aniline. 
formaldehydes, and the allyl esters, The 


thermoplastic resins include cellulos 


acetate, cellulose acetate butyrate, cel}. 
ulose nitrate, cellulose propionate 
ethyl cellulose, polyvinyl chloride. poly. 
vinyl alcohol, vinyl chloride-acetate 
vinylidene chloride, polyvinyl! butyra| 
vinyl acetate, the acrylics, polystyrene 
polyethylene, polytetrafluoroethylene 
the polyamides, and caseins. 





polymerized from any or several of 
various related compounds, the formv- 
lations are offered under trade names 
or formula numbers by the sever 
manufacturers. It should be pointed 
out that this difference among formv- 
lations is a difference in basic chemical 
composition, not just a difference in 
compounding the finished plastic; tha 
is, it represents a difference in original 
constituents, rather than a difference 
in the amounts of material other than 
plastic added, such as plasticizer, pig: 
ment, filler, and so on. The type 0! 
catalyst used has considerable influence 
upon properties of the finished plastic 
also. 

Based upon the reactions occurring 
during their production, the phenolic 
are divided into two types; these att 
the one-stage resins and the two-stage 
resins. One-stage resins are prepared 
with the phenol and the aldehyde 
present in the proper reacting quail: 
ties to produce a thermosetting resi 
The proper type of catalyst must be 
used, and the reaction requires careft! 
control to prevent the material setting 
up to an infusible mass during manv 
facture. The resin as manufactured re 
quires only additional heating to com: 


plete polymerization to an infusible, 
insoluble material. Upon the other 
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hand, the two-stage resin is made with 
oaly part of the aldehyde necessary " 
roduce 2 thermosetting resin, an 
che material will be fusible and ther- 
moplastic aS sO manufactured. In a 
Jarer stage, and usually in connection 
with subsequent Operations, the 
amount of aldehyde necessary to give 
the proper fatto of constituents is 
added, usually as hexamethylene tetra- 
mine, and the material then becomes 
infusible and insoluble. Both one- and 
wwostage resins are used separately or 
ia combination to get various degrees 
of workability. Physical properties of 
che finished material of both types are 
not significantly different. 

The phenolic resins were first pat- 
ented in 1909, and in the following 
year patents were issued upon the first 
cloth impregnated material, the fore- 
runner of the laminates. Actual com- 
mercial production was begun about 
1912, and went into the electrical in- 
sulating field. Today, in spite of the 
many new plastics available, the phe- 
nolics still form a large part of the 


F otal production of plastics materials, 


and are probably the most widely 
used. 

With regard to methods of forming, 
three distinct types of phenolics are 
recognized. These are: 

(1) The molding phenolics, made 
with a filler, and polymerized in the 
molding press. 

(2) The casting resins, poured into 
molds as liquids, and polymerized 
by catalysis and subsequent baking. 

(3) Laminating resins, applied to 


; cloth, paper, or other layer material 


as a varnish, and polymerized by sub- 
sequent heat and pressure. 

In normal times the molding pow- 
ders comprised the largest quantity of 
phenolics used, but during the war 


| Such great quantities of laminated ma- 


terials were needed that, despite a tre- 
mendous increase in amounts of mold- 
ing powders of this type, the laminated 
phenolics showed a dollar value al- 
most twice as great. The cast resins 
lagged during the war, but have begun 
a considerable growth since the re- 
sumption of peacetime production. 
For the molding powders phenol, 
mixtures of meta- and para-cresol, 
some of the xylenols, and formaldehyde 


» furfural give the best properties. A 


resin that will possess smooth gloss in 
the | olded part, hard set, fast cure, 
800d electrical insulating properties, 


and good resistance to chemicals and 
MOisture is desired. 


Fillers may be of organic or inor- 
ganic material, fibrous or powdery. 
They lower the cost of the finished 
plastic, and imcrease its strength. 
Shrinkage is reduced also. 


Organic Fillers 


W oodflour—Ordinarily the cheap- 
est and most used, it is made by 
grinding wood to about 100-mesh size. 
Moisture content must be below 8% 
for best molding and electrical proper- 
ties. Soft woods having light color 
and good absorptive properties for the 
resin are preferred. The fibrous struc- 
ture of the wood should be retained in 
some measure if the finished plastic 
is to possess good mechanical strength. 
Woodflour as a filler gives good mold- 
ing properties, but tends to absorb 
moisture, and so to make electrical 
properties variable, and reduce dimen- 
sional stability. 

Cotton flock—This is a by-product 
of the textile industry, and is obtain- 
able in both dark and light (bleached ) 
shades. It gives high impact resistance 
to the plastic, with lower mold shrink- 
age than occurs with woodflour-filled 
types, but preforming is more difficult. 
Water absorption and electrical proper- 
ties are about the same. 

Chopped fabric—Scraps of canvas 
duck of about 8-oz. weight are cut 
into pieces about 1-in. square. Impact 
resistance of the finished plastic is 
much higher than that of the wood- 
flour-filled material—as much as 12 
times as great. The material cannot be 
automatically preformed, however, and 
molding pressures must be _ higher. 
Water absorption is higher, and elec- 
trical properties poorer. 

Twisted cord—Twisted cord is ob- 
tained as a by-product of the automo- 
bile tire industry, and is cut to about 
14-in. lengths. Impact strength is the 
highest obtained in molding phenolics, 
being about three times that developed 
with the chopped fabric filler. Flow is 
good, but water absorption, electrical 
properties, and difficulty in preforming 
are present here as in the other fiber- 
filled resins. 

Walnut shell flour—This filler is 
more expensive than woodflour, and 
provides about the same mechanical 
strength, with somewhat lowered water 
absorption. It produces a smooth, glossy 
surface in molded parts. 

Inorganic fillers—Inorganic fillers 
in general have low water absorption, 
good heat resistance, good surface hard- 








ness, and good chemical resistance as 
their advantages. They improve dimen- 
sional stability of the molded resin. 
They include: 

Asbestos—This material is used both 
in the form of long fibers and of fine 
powder. It has good heat resistance, 
chemical resistance, and low water ab- 
sorption. Its cost is low. Tensile and 
flexural strengths are lowered, how- 
ever, and the material is of compara- 
tively high specific gravity. 

Diatomaceous earth—This form of 
silica, of organic origin, is lighter than 
other naturally occurring forms of that 
material. It will improve the heat re- 
sistance, electrical properties, and ap- 
pearance of the molded phenolic with- 
Out increasing the weight as much as 
would an equivalent amount of asbes- 
tos. Because of its abrasiveness, it is 
usually mixed with other fillers so as 
to reduce wear on the molds and stick- 
ing of the molded pieces. 

Mica—NMica confers some of its ex- 
cellent electrical properties upon the 
plastic part in which it is used as a 
filler. Low power factor and low di- 
electric loss are characteristics of mica- 
filled phenolics, and the low water 
absorption helps to retain these proper- 
ties when the part is in service. Mica 
is not readily wetted by the resin dur- 
ing molding, and especial care is neces- 
Sary to insure proper coverage. Special 
lubricants are ordinarily used to over- 
come a tendency to stick in the mold. 
Shrinkage is low, but mechanical 
strength is also reduced, and specific 
gravity increased. 

Two additional kinds of materials 
are usually included in the formula- 
tion for a phenolic molding compound. 
These are colorings and mold release 
agents. Nearly all molded phenolics 
contain a small amount of dye to give 
them clean, uniform color, with the 
exception of certain mica-filled com- 
pounds intended for electrical applica- 
tions. The amount of coloring matter 
will be about 2 to 4% of the resin 
content. 

When a black color is desired, car- 
bon black, a pigment, or nigrosine, a 
dye, may be used. The carbon black 
is employed in molding compounds to 
be used for bottle or jar tops, where 
the color must not bleed in contact 
with alcohol or organic solvents. It is 
not used where electrical properties are 
important, as the carbon is a high-re- 
sistance conductor. For electrical ap- 
plications and general purpose materi- 
als, nigrosine is used. 
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Brown is widely used, especially in 
the so-called natural color materials, 
and mineral pigments are the preferred 
coloring matter here. Some organic 
dyes are used also. 

Colors can be used also, but as the 
resins themselves are somewhat dark 
in color, white and ivory shades are 
not ordinarily made. By using a white 
pigment along with organic dyes, and 
sometimes with inorganic pigments, a 
wide range of colors can be obtained. 

Mold release agents are incorporated 
into the phenolic molding formula- 
tions to insure ejection from the mold 
cavity. The plastics material is forced 
into the mold under high pressure, 
and use of such a lubricant is necessary 
to facilitate release. They are used in 
amounts under 3% of the resin con- 
tent of the compound. They are of 
four types: (1) mineral waxes, such 
as ceresin and paraffin wax; (2) vege- 
table waxes, including carnauba, mon- 
tan, and candelilla; (3) fatty acids, 
usually stearic acid and oleic acid; and 
(4) metallic soaps, especially zinc 
stearate and calcium stearate. 

The most important molding proper- 
ties of phenolics are plasticity, cure 
time, specific gravity, and shrinkage. 
These are usually controlled from de- 
terminations of physical properties, es- 
pecially granulation, apparent density, 
bulk factor, pourability, and moisture 
content, imasmuch as no_ chemical 
analytical methods give the desired 
information. 

Plasticity is the property permitting 
the resin, under the effect of heat and 
pressure, to flow and fill the mold. 
While it is influenced by several var- 
iables, it is primarily dependent upon 
the degree of polymerization of the 
resin. Tests have not yet been standard- 
ized. 

Cure time, the length of time the 
phenolic must be held in the mold 
under heat and pressure to complete 
polymerization, depends upon the type 
of resin, the plasticity, and the moisture 
content, as well as the molding tem- 
perature, cross-section of the piece, 
heat conductivity of the filler, and the 
amount of preheating. 

Specific gravity refers to the proper- 
ty of the material in the molded form, 
and depends upon the type of filler 
used and, to a lesser extent, upon the 
molding pressure and type of mold 
used. With woodflour as filler, the 
specific gravity is about 1.35 to 1.39, 
while asbestos used alone will increase 
it to about 1.8. This property is im- 
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portant to the molder economically 
because he buys his material by the 
pound and sells his product by the 
piece. 

Shrinkage occurs in molded phe- 
nolics to a slight extent during poly- 
merization in the mold, and to a 
greater extent while the piece is cool- 
ing after removal from the mold. That 
occurring in the mold is usually negli- 
gible as far as final dimensions are 
concerned, while the shrinkage occur- 
ring upon cooling is partly due to the 
chemical reaction still in progress and 
partly to the usual contraction due to 
cooling. Shrinkage in these plastics is 
both greater in amount and more 
variable than in the case of metals. 


Average Shrinkage Values With 
Various Fillers 


Shrinkage, in. 


Type per m. 
High resin content 0.009 to 0.015 
W oodflour-filled 0.006 to 0.008 


Mineral-filled 
Fabric-filled 


0.0035 to 0.0045 
0.003 to 0.004 


Shrinkage must be known when de- 
signing a mold in which a part is to 
be made, and the proper allowances 
must be made. No mathematical ex- 
pression of this shrinkage can be made 
because of the number and complexity 
of the variables involved. For material 
of a given composition and plasticity, 
shrinkage depends primarily upon 
molding conditions, particularly tem- 
perature, pressure, and cure time. The 
difference between molding tempera- 
ture and room temperature results in 
contraction of the material upon cool- 
ing, as is the case with most solids. 
Reducing cure time to a minimum may 
cause greater than normal shrinkage, 
but after the optimum cure time has 
been reached shrinkage is no longer 
reduced by lengthening time of cure. 
Use of inadequate molding pressure 
will often cause high shrinkage. 


Molded phenolics are resistay, 
alcohol, have good moisture resis, > 
within the bounds noted, have fait 
good resistance to acid attack, ay 
decomposed by strong alkalies, ay 
have good surface appearance. They a 
used for such parts as handles for Cook. 
ing utensils, telephones, electrica| it 
sulators, gears, radio cabinets, 49) 
business machine cases. 


For the second type of phenolic 
based upon method of manufactyy 
the cast phenolics present many (jj 
tinctive features of engineering valy 
as well as advantages in production of 
consumer items. They are made oye 
the same general formula as the othe 
phenolics, but with variations to pix 
them their special features. 

They are phenol-formaldehyde ¢. 
sins, but in the case of the castigy 
resins, polymerization takes place ( 
open molds, at slightly elevated ten. 
perature, over a period of several day; 
They are frequently made withoy 
filler, and may be transparent or trans. 
lucent. Polymerization is largely th 
result of catalysis. 

A relatively high formaldehyde rati 
is Customary in preparing the casting 
phenolics. Close control of the chemis 
try of manufacture is necessary ani 
especially must the use of the catalyss, 
basic and acid, be controlled. In th 
manufacturing process the followin 
variables affect the finished produc 
proportion of ingredients; type of cw 
alyst used; concentration of catalys 
(pH value); time and temperature «i 
reaction; neutralization of the catalys: 
and temperature of cure. 

Acid catalysts used include sulfuric 
hydrochloric, phosphoric, maleic ai 
oxalic acids; basic catalysts may i 
caustic soda, caustic potash, barium hy: 
droxide, calcium hydroxide, or am 
monium hydroxide. 

In a typical casting resin reaction 
the phenol-formaldehyde and a reli 
tively high ratio of caustic soda, tht 
catalyst, are heated at atmospheri 


Approximate Physical Properties of Molded Phenolics 

















Impact Str., Water 
Tensile Str., Ft.-Lb. per | Specific | Top Service | Absorption 
Filler Psi. In. of Notch | Gravity Temp., F % in 24 hr 

Woodflour 7.000 0.25 1.35-1.45 275 () 
Cotton Flock 9.000 0.50 1.35-1.45 275 0 
Chopped Fabric 8.000 60 1.35-1.45 75 
Twisted Cord 8.000 10.0 1.35-1.45 275 
Asbestos 5,000 0.50 1.6 -2.0 350 0 
Mica 5,000 0.35 1.6 -2.0 275 0 
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85 F for about 22 hr., 


ressure : ; 
Line nickel or nickel-lined equipment 
ys ‘ . . 

wwoid contamination with traces of 
on, An acid catalyst may now be 


dded to neutralize the alkali, and the 
oisture is partially removed by vac- 
um dehydration. The resin 1s then 
ast into open molds. The resin gradu- 
ily sets up to form a transparent soft 
vel, containing the water still present 
sa dissolved phase. After about 16 
> 20 hr. usually including heat at 
shout 140 F, water droplets separate 
hroughout the resin, and give the cast- 
ng an opaque appearance. 
‘When color effects are to be ob- 
ained, the color, if an organic dye, 
an be dissolved in alcohol, water, 
blycerin, etc., and incorporated into 
he liquid resin before finishing; if an 
rganic pigment, it may be ground 
vith an appropriate vehicle and added 
ro the liquid resin. Mottled effects are 
Bobtained by stirring into the resin, 
ufter dehydration and before pouring 
into the molds, previously processed 
Bresin base made up with a high concen- 
Brration of the proper dyes or pigments. 
© Inthe molding of cast resins, several 
Mrechniques are used. The most widely 
Bused is that in which profile or draw 
Nmolds are made in lead. An arbor is 
prepared from one or more steel or 
brass patterns fastened to a funnel 
plate. This arbor is then dipped into 
mmolten lead, and a continuous layer of 
Mlcad immediately freezes around the 
sides of the pattern and edges of the 
eeonnes plate. The arbor is withdrawn 
mtrom the lead bath and, after cooling, 
sthe lead form is drawn from the arbor. 
Sides of the arbor must be given a 


Bslight taper to permit easy with- 
- ) ‘ 


= 


medrawal 


Split’ molds can replace the draw 


molds when the part requires the use 
mot undercuts. Here multiple molded 
m sections of lead, fitting together tightly 
pat the parting. line, are connected with 
4 gate at the top of the mold for filling. 


= When a core must be used, slush 
p0lding may be the best method. An 


open lead mold similar to the draw 
me mold is prepared, and a carefully mach- 





The core causes the liquid resin to rise 
so as to fill the mold. 

Rubber molds.provide an econom- 
ical solution to molding problems 
when the part requires one or more 
undercut portions in the mold. A new 
high-melting rubber is available that 
may be formed in its molten state over 
the pattern, then stripped off after it 
has cooled. The resin is poured into 
the rubber mold so obtained, and the 
mold is later stripped off the hardened 
plastic. 

Plaster, certain plastics, and wood 
are at times used for making molds 
for casting resins. Metals other than 
lead are sometimes used, but must be 
given a coating of acid-resisting paint 
if not in themselves acid resistant. 
Plaster must be given a coating of a 
parting agent, and the plastics likewise. 

Sheet stock can be produced in the 
casting resins by slicing, or by casting 
directly into sheet form. Sliced sheets 
are made by casting a block of the 
resin in a tin box, curing to a firm gel, 
and slicing on a celluloid slicing 
machine. Cast sheets are poured in a 
gang mold consisting of spaced glass 
sheets, and after curing the mold is 
dismantled to obtain the plastics sheets. 
The pieces so prepared have a high 
luster. 

Some of the advantages of cast 
phenolics over other types are: 

(1) There is little shrinkage dur- 
ing the transition from the liquid to 
the solid state. 

(2) Physical properties — tensile, 
impact, compressive, and _ flexural 
strength—are fairly high, and compare 
favorably with those of most general 
purpose molding phenolics. 

(3) There is a minimum of ex- 
othermic reaction in the polymeriza- 
tion of the cast resins. 

(4) Molds are inexpensive, and 
casting techniques permit complete 
freedom of design. 

(5) Products are nonflammable, 
nonabsorbent, odorless, tasteless, and 
hygienic. 

(6) The resins have a light color, 
and may range from opacity to water 








2 | eels. (1) 40 


;!ned insert is used to displace a portion clear transparency, giving them an al- 
pr the resin when the core is placed. most unlimited range of color possi- 
Approximate Physical Properties of Cast Phenolics 
4 . impact Str., Water 
| nsile Str Ft.-Lb. per In Specific Top Service Absorption 
i Psi of Notch Gravity Temp., F % in 24 He 
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Plastic parts for the Kelvinator re- 
frigerator are over 31 in. long and 
are molded on a 10-sec. cycle. They 
are molded of white polystyrene. 
(Courtesy: Hydraulic Press Mfg. Co.) 


bilities. Effects resembling marble or 
onyx may be produced. 

The cast phenolics are used in the 
manufacture of knife handles, clock 
cases, radio cabinets, decorative trim, 
costume jewelry, etc. 

In the third broad group of phe- 
nolics, the laminated phenolics, there 
are included many of the materials that 
engineers think of as structural plas- 
tics. About 45% of the current pro- 
duction goes into various electrical 
insulation applications; mechanical, 
structural, and chemical uses take about 
40%; the remaining 15% goes to 
decorative items. 

With other types of phenolics there 
are variations of composition or of 
the manufacturing process that can be 
made to give emphasis to certain prop- 
erties over others. The properties of 
the laminates are so greatly influenced 
by the pressure used in laminating that 
this is made the basis for a broad 
division of the group. High pressure 
laminates are formed at pressures near- 
ly always in excess of 500 psi. and 
usually about 1,000 psi. Low pressure 
laminates are usually formed at pres- 
sures below 200 psi. and 100 psi. 
might be taken as an average. In both 
cases there is no theoretical limit, and 
no sharp boundary between the two. 

While the high pressure laminates 
are almost exclusively phenol-formal- 
dehyde resins or the related melamine- 
formaldehyde compositions, low pres- 
sure laminating has several newer types 
at its disposal. The laminates, there- 
fore, cannot be considered as a com- 
plete group in a classification based 
upon composition types. Briefly, then, 
the high pressure laminates are denser, 
more water-resistant, generally strong- 
er, have a smoother surface, and have 
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better electrical properties; 
limited to simple shapes, 
some grades may be postformed. Size 
of the piece is limited also, due to the 
high total force required for large 


they are 
although 


pieces. The low pressure laminates 
make possible the production of large 
pieces in presses of the size now avail- 
able because of the lower unit pres- 
sures required. The surface is usually 
smooth on one side only, as there is 
frequently only one die used. 

High pressure laminating makes use 
of conventional types of presses. The 
high pressures developed in the process 
requires that equipment of rather large 
size be used. Hydraulic presses are 
favored. For low pressure laminating 
some interesting equipment, borrowed 
from the plywood and rubber indus- 
tries, is used to produce large pieces 
at low die cost. The methods most 
used are: 

Bag molding—Only a single die is 
used, either male or female. The im- 
pregnated layers of material are placed 
over or in the mold, and the whole 
is placed in a rubber bag. Air is ex- 
hausted from the bag, pressing the 
layers about the mold, and the bag is 
then placed in an oven, or in an auto- 
clave, to complete the cure. 

Blanket molding—This is used with 
a female mold. The layered material is 
placed inside the mold, a_ rubber 
blanket is fitted into it and fastened 
tightly around the edges, and air is 
exhausted from between blanket and 
layers. The whole is heated by steam 
jacketing, or by placing in an auto- 
clave. 

Hat press molding —Used where 
higher pressures are necessary. Paired 
dies are used, but they are not ac- 
curately mated. The layers are placed 
in the female die, and a rubber bag 
is placed between the work and the 
male die. The dies are closed, and the 
rubber bag is filled with a fluid under 
pressure, usually steam, and held dur- 
ing cure. 

The laminates in general, both high 
and low pressure, are to a great extent 


Thermosetting Beetle in a 
wide range of colors is used 
in the molding of parts for 
this writing set and telephone 
index. (Courtesy: American 
Cyanamid Co.) 


dependent upon the type of filler used 
for their physical properties. The 
resins themselves are supplied to the 
laminators as varnishes, and the filler 
is impregnated with the resin in this 
form. Impregnation may take place as 
the web of filler is passed into a tank 
containing the laminating varnish, or 
it may be applied by brushes or by 
rollers as the filler is passed through a 
machine. Squeeze rolls or a doctor 
blade remove excess varnish, and the 
impregnated material is dried to re- 
move the solvent. When the filler is in 
the form of a mat, so that doctoring 
is inadvisable, the varnish can be ap- 
plied by a spray. 

The resin is said to be in the A 
stage when in solution in the varnish, 
and when first taken up by the filler. 
It is soluble and fusible. After drying 
in an oven, polymerization has been 
started, and the resin is less soluble 
and fusible, though still sufficiently 
so to permit its being fused into 
sheets or other forms. It is now in 
the B stage. In the final, or C, stage, 
polymerization has been carried to 
practical completion, and the mass is 
now infusible and insoluble. 

The impregnated and dried sheets 
can be laid up as plies, with the sheets 
one on top of another and running 
in the same direction, or in cross 
directions, or at 45 deg. to each other. 
Metal sheets placed between a definite 
number of plies serve as spacers, and 
the entire mass, perhaps several feet 
thick, is then subjected to heat (about 
300 F) and pressure (about 1,000 to 
1,500 psi.) to form laminated sheets. 
Tubes are made up by winding the 


Approximate Physical Properties of Phenolic Laminates 
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impregnated sheets onto a m. undrel aj 
baking in an oven (rolled tube), 
formed in a mold (molded tube) Pe 
completing polymerization. Rods ig 
made the same as tubes, but a « 
mandrel is used, and is withdrawn be 
fore placing in a mold. 





Laminate Filler Materials 


The material used as filler in ,, 
laminates includes: 

Cotton fabric—These laminates cy 
be postformed to compound curyg 
Although a wide variety of weays 
and weights of cloth may be used, tty 
most important factor is the rity 
of weight of cloth to weight of resi, 
The heavier weights of cloth tend y 
give fuzzy edges when machined, by 
have high impact strength. Increasing 
the resin ratio provides better moistuy 
resistance, and makes them suitabk 
for electrical applications requiriny 
good toughness. Finer weaves of fabri 
are used where fine machining mus 
be done, and, with higher resin rati 
for electrical applications in whic 
good mechanical properties are als 
needed. 

Linen fabric—Laminates made wit 
linen are specialty materials intended 
for uses where high mechanical prop. 
erties are required. 

Cellulose paper—The laminates can 
be postformed to simple curves. Sev: 
eral distinct materials are included 


this group. 
(a) Kraft paper. Has rather lov 
moisture resistance, and impact 


strength below that of fabric laminates 

(b) Rag or wood alpha paper. Pr: 
marily punching stock. 

(c) Multicolor stock. Several shees 
with a facing sheet of contrasting colo: 
intended for engraving nameplates, et 

(d) Mischerlich. This is a high 
strength sulfite paper; general purpos. 

Glass-fiber fabric—These grades cat: 
not be postformed. While costly, they 
offer the highest strengths available 
in the laminated types. Some of th 
newest uses of structural laminate 
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his fabric. 
Asbestos ‘ bric—High flame resist- 
cod dimensional stability, su- 


€ . . a 
oy resistance; variable electri- 


rties. 

Re aber mat—Recently developed 

, lower-cost glass fiber laminating 
xerial. It is suggested for electrical 
gh-frequency applications. 

Asbestos mat—Properties similar to 
ose of asbestos fabric laminates, but 
nt as strong and tough. 

Wood—Sheets of wood impreg- 
ated with resin have shown tensile 

engths of about 25,000 psi. 

Laminated phenolics are made up 
- standard materials in sheet stock, 
bes, and rods. Shapes can also be 
btained to special order. Laminated 
ock, to a larger extent than the other 
orms of phenolics, is bought in these 
andard forms and machined to shape, 
;are metals. 

Laminated phenolics are used in 
able tops, gears, bearings, electrical 
anels, milling machine ways, refrig- 
rator doors, etc. 


ve taken 


q mino-Formaldehyde Resins 


This group of thermosetting resins, 
Important both industrially and in the 
onsumer goods field, includes the 
nelamine-formaldehyde materials and 

Mthe urea-formaldehyde types. Industri- 
lly, the melamines are especially de- 
irable because of exceptionally high 

arcing resistance. 

m® Much that has been said for the 

mphenolics is true of the amino resins 

@plso. The melamines and ureas are pro- 

& as molding compounds, with 

Swarious fillers. Laminates are made with 

mathe melamines also. While casting 
mresins are not made with either of these 
ompositions, both are produced as 

Miquid resins that go into beater sizing 


of paper to provide high wet strength, 


Sand melamine formulations are used 


in liquid form to treat wool, making it 
crease-resistant and nonshrinking. 

Molding compounds are probably 
the best known and most widely used 
form for both resins. With light-col- 
ored fillers the resins can be made in 
all colors by the use of dyes. Both have 
excellent arcing resistance. Both are 
odorless and tasteless. Both have good 
strength and good surface hardness. 

The fillers used: 

Alpha cellulose fiber—Used in the 
molding of both types of resins. 

W oodflour—Recently introduced as 
a filler for melamines. 

Chopped cotton fabric—For use 
with melamines. 

Asbestos fiber —Used with mela- 
mines. 

The molding compounds are formed 
in the same way as has been outlined 
for the phenolics. Ureas are molded 
at high pressures, usually above 3,000 
psi., and at temperatures of about 300 
F or slightly higher. The melamines 
take the same general conditions, al- 
though pressures may sometimes be 
lower, because of the cleaner molding 
characteristics of melamines generally. 

The melamines are also used to 
produce laminated materials. Sheet 
stock can be; (1) cellulose paper; (2) 
glass-fiber fabric; or, (3) asbestos 
paper. The glass-fiber laminate is es- 
pecially interesting because it becomes 
one of the best materials for the con- 
struction of electric switch panels. It 
combines high strength, excellent arc 
resistance, good fire and heat resistance, 
and moderate cost. 

In the field of low pressure laminat- 
ing, a urea-melamine has been pro- 
duced that can be formed at pressures 
below 50 psi. 

Both of these resin types are much 
used in the present cold resinous glues 
that have revolutionized the plywood 
industry. The resins are supplied as a 
dry powder that can be mixed with 
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water and applied similarly to ordinary 
glues. The resin then polymerizes at 
room temperature and under the usual 
clamping pressures, although 8 to 12 
hr. may be required. By raising the 
temperature slightly the time will be 
greatly shortened. In commercial prac- 
tice dielectric heating is used to heat 
the glue line and promote rapid poly- 
merization, without requiring conduc- 
tion of the heat through the wood 
layers. 

The aminos are used in electrical 
applications, as indicated, and in scale 
housings, light shields, toiletry con- 
tainers, buttons, tableware, etc. 

















Aniline-Formaldehyde Resins 


The essential reactions in the aniline- 
formaldehyde condensation were dis- 
covered in Germany during the latter 
part of the 19th century. It is produced 
in a number of formulations, some of 
which are interesting because they 
show a gradation of thermoplastic and 
thermosetting properties. 

When the mix is prepared with the 
aldehyde content rather short, a fusible 
material resembling hard rubber is 
produced. This plastic can be softened 
by heat and molded as can the thermo- 
plastics, though the molding tempera- 
ture is above 300 F. The material is 
still quite viscous at this temperature, 
and pressures above 1,500 psi. are 
necessary. When heated to still higher 
temperatures, the resulting piece tends 
to be brittle. 

Increasing the formaldehyde content 
produces a truly thermosetting resin. 
This is the material most used. It 
possesses as one of its valuable proper- 
ties good electrical insulating proper- 
ties, especially for ultrahigh-frequen- 
cies. It is attacked by strong acids, but 
resists action of alkalies and of the 
organic solvents. The material is of a 
reddish-brown color, and can be dyed 
in dark colors only. It has good mois- 
ture resistance, even when used out- 
doors, and so can maintain its electrical 
properties. 

While the aniline-formaldehyde res- 
ins are largely used without filler, they 
can be used with cellulose or asbestos 
fibers. Use of a filler reduces the mois- 
ture resistance, and hence the electrical 
stability of the plastic. 

The resin has good mechanical 
strength. It has been successful in 
various electrical applications for air- 
craft radio, such as coil forms and 
antenna housings. Its good electrical 
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properties at ultrahigh-frequencies rec- 
ommend it for use in television. 

In addition to the uses mentioned, 
it finds application in terminal boards, 
tube bases, outside insulators, test 
equipment, etc. 


Allyl Ester Copolymers 


One of the newest of the thermo- 
setting plastics is an allyl ester recently 
offered to industry. Its exact composi- 
tion has not yet been revealed, and its 
physical properties have not been de- 
termined fully, but it is a copolymer of 
esters of allyl alcohol, and can be pro- 
duced in an almost perfectly water 
clear form. It has good strength prop- 
erties insofar as tests have yet gone. 
The upper limit of service tempera- 
tures has not yet been fixed, but it will 
be above 300 F, as the resin is cured 


Cellulosics 


The cellulosics are the most impor- 
tant molding compounds among the 
thermoplastic resins, and one of the 
most versatile and most widely used 
of all the plastics. They are familiar 
as industrial materials in the form 
of sheets, rods, and tubes; they go to 
the molder as molding powders; they 
include some of the synthetic textile 
fibers; they are valuable materials in 
that field taking the greatest amounts 
of plastics, the protective coatings; as 
film and foil they go into packaging 
and other lines. 

The cellulosics came in on _ the 
ground floor of the plastics industry. 
As has been pointed out, the first of 
the modern plastics was a cellulose 
material, celluloid. Its combustibility 
made it dangerous for many uses where 
high heat or an open flame might be 
encountered, and a new cellulosic was 
produced in 1910 as a less flammable 
photographic film base. As this was 
about the same time that the first of 
the phenolics. was being produced, it 
can be seen that the cellulosics were 
staying in the field. The new material, 
cellulose acetate, has remained one of 
the most widely used of the family. 

The cellulosics are fortunate in hav- 
ing a plentiful source of raw material, 
renewable each year, in cotton. They 
are made from the short fibers of cot- 
ton, called linters, that cannot be spun 
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at higher heats than this. 

A field in which the allyl esters are 
expected to produce interesting results 
is low-pressure laminating. Allyl resins 
polymerize without splitting off water, 
and the reaction may proceed at con- 
tact pressures. The cost of the resin is 
still high, and it cannot compete with 
general purpose materials, but its hard- 
ness, chemical resistance, and ability to 
polymerize without the necessity of 
evaporating a solvent or driving off 
water liberated by the reaction make 
it potentially valuable for the low- 
pressure laminating industry. 

Being thermosetting, it has good 
dimensional stability when used with- 
out filler. The new resin has been tried 
for optical uses, and has been found 
capable of taking and keeping the 
accurate grinding and high polish nec- 
essary for prisms and lenses. It is prob- 


The Thermoplastic Resins 


to good advantage, and so might be 
thought of as a by-product of the 
textile industry. This supply is rein- 
forced with specially purified grades of 
wood pulp (the dissolving pulps). 

As the first step in the manufacture 
of all of them, the cellulose, whether 
cleaned cotton linters or wood pulp, 
is dissolved in a chemical bath. In the 
case of celluloid, this chemical bath is 
nitric acid, with sulfuric acid to take 
up the liberated water. A cellulose 
nitrate results. When properly washed 
and dehydrated, and treated with a 
plasticizer, camphor, this forms the 
basis for a whole series of pyroxylin 
materials, ranging from molded objects 
to coatings for cloth and lacquer bases. 

If acetic acid is the essential chemi- 
cal in the dissolving bath, cellulose 
acetate is produced. When both acetic 
and butyric acids are used, cellulose 
acetate butyrate is formed. Propionic 
acid gives cellulose propionate, and 
use of a mixture of caustic soda and 
ethyl chloride produces ethyl cellulose. 
All are much-used plastics. 

Cellulose nitrate has the distinction 
of being the toughest of the thermo- 
plastic resins, in addition to being the 
first. Its valuable properties have kept 
it in the race with newer materials, 
so that today, with practically every 
one of its original applications lost to 
it, it is being produced in larger quan- 
tities than ever before. 

In its manufacture, cotton linters are 








ably the most glasslike of | 
with a hard surface that resists Scratch 
ing better than the other water che 
plastics. The first allyls showed.» 
tendency to develop a yellowish ... 
upon aging, but the most recent mix 
rials have largely overcome this hand 
ca 


. Plastic, 









The allyls have good resistance t) 
deterioration at elevated temperaty 
and good flame resistance. Moisry, 
resistance is excellent, and it jg jp 
pervious to attack by most orgigi 
solvents. Alkalies have practically ,) 
effect upon it, but some Strong acids 
will attack the resin. 

Use of the allyl resins waits upon ; 
price reduction to competitive level 
In the meantime it has gone into Opti 
cal work to a limited extent, and som, 
costume jewelry has utilized its traps. 
parency and color. 


cleaned and treated with a mixtur 
of nitric and sulfuric acids. Whe 
nitration of the cotton has proceede( 
sufficiently far to produce a materi 
that contains about 11% nitrogen, the 
acid is drawn off, the material is treated 
with boiling water, then dehydrate 
with alcohol under pressure. The ce. 
lulose nitrate is then worked in mixer 
and rolls while still wet with the alc 
hol, and camphor is added. Coloring 
may be added at this stage also, it 
desired. 

If the material is to be made int 
sheets, slabs from the rolls are presse 
into cakes, then cut into sheets, an 
the sheets are allowed to age for : 
considerable period of time to permit 
the removal of the remaining solvent 
Tubes or rods, or continuous sheet, cat 
be formed by extruding the mass from 
the rollers, and afterwards aging ' 
remove remaining solvent. 

The finished plastic is easily m« 
chined by all the standard process¢s 
It can be formed easily when warmed 
and can be blown into molds from 
sheet stock to form hollow objects 
Compression and injection moldin 
give more difficulty. It can be produced 
in all colors, and in all degrees 0! 
opacity from transparent to opaque 
Direct sunlight seems to cause rapi¢ 
yellowing, however. It is easily © 
mented to itself and to other materials 

Cellulose nitrate is used for fountait 
pens, toothbrushes, handles for smal 
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is, mallet heads, spectacle frames, 

PUI; 

swing instruments, CtOys, wer-cell 
ases, etc. 

artery CaSC>, 

Cellulose acetate, the second of the 


sJlulosics t be developed, offered an 

wer to the two Most serious prob- 
>ms associated with celluloid. The 
sw material was more flame-resistant, 

4 did not discolor when exposed to 

alight. One of the important uses 

f cellulose nitrate had been in the 

oduction of laminated glass for auto- 

nobiles, but its tendency to discolor 
4s a serious defect. A few years after 
ellulose acetate sheet appeared, in 

927, it was tried as the interliner in 

afety glass, and soon won practically 

monopoly. It has since been replaced 
by other thermoplastics. 

“The resin is made by the action of 

cetic acid and acetic anhydride upon 

ellulose, with sulfuric acid to take 

p liberated water. A compound of 

ellulose is formed that exists as a 
thick liquid until water is added, when 
t decomposes, precipitating cellulose 
acetate. The acetate is washed and 
Kiried, and is used for preparing the 
plastic in usable form. 

For making sheet or film, the dried 
lastic can be mixed with a plasti- 
izer, color added if desired, and the 

ass worked on a hot roll. The plas- 
icizer usually will be an organic liquid 
pf high boiling point that has some 
solvent action upon the acetate. The 
slabs from the roll are pressed into 
-akes, cut into sheets, and seasoned, or 
jt can be cut into granule form. 

A second process requires that the 
ried acetate be moistened with alco- 
101 and acetone to soften it, then 
thoroughly mixed with the solvents, 
and rolled out on warm rolls to form a 
slab. Colors are added during the 
rolling if desired. The slab can be 
pressed into cakes, cut into sheets, and 
seasoned to permit evaporation of the 
remaining solvent; for rods and tubes, 
it can be extruded to size and shape 
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mcoMpression or 
Compression molding has been men- 





idesired, and seasoned; for molding 


powders, it can be ground to the cor- 


™rect size in a knife mill. 





Sheet stock can also be prepared by 


mcxtruding the rolled slab through a 
Mong, narrow orifice. 





Cellulose acetate can be molded by 
injection molding. 








yaque 
rapid 
y ce: 
erials 
intaif 
small 

























s"ioned in connection with the proc- 
a essing 


of thermosetting resins, for 


pWhich it is the only molding method 
m avail 


le. It is equally useful for the 


j _ plastic resins. In this method, 
m the 


tic is placed in a preheated die, 








the two halves of which then close, 
fusing the resin and causing it to fill 
out the die cavity. When thermoset- 
ting materials are being molded, the 
mold must remain closed, with heat 
and pressure applied, until the resin 
has been cured (polymerization ad- 
vanced to practical completion). With 
the thermoplastic materials the mold 
must remain closed also, but heat is 
withdrawn instead of being applied 
during this waiting time, so that the 
shaped material may be chilled sufh- 
ciently to retain its shape when taken 
from the mold. This makes the mold- 
ing cycle longer for the thermoplastic 
materials. 

A variation of the compression 
molding process is known as transfer 
molding, and speeds the process for 
thermosetting resins by preheating the 
material. 

Injection molding can be used with 
the thermoplastic resins only. It uses 
unheated dies, and the resin is heated 
to plasticity in a separate heating 
chamber. The heated material is then 
injected into the die cavity, where it is 
chilled sufficiently to set-up almost at 
once by contact with the relatively cold 
metal dies. 

Injection molding is much more 
rapid than the compression method. 
By feeding the molding powder from 
a hopper in automatically measured 
charges, and providing for automatic 
ejection of the molded pieces from 
the dies, operation of the machine can 
be made completely automatic. There 
is, therefore, less handling of the mate- 
rial and product. It is limited as to the 
size of the piece that can be produced, 
with the charge of molding powder 
held to a maximum of about 2 Ib. 
Compression molding can be used for 
larger pieces, and more complicated 
pieces, and those with heavier wall 
thicknesses, can be made. 

Extrusion of thermoplastics follows 
the general plan of operation used in 
extruding of metals. Equipment is 
much lighter, and the heating of the 
material to plasticity takes place just 
before it is forced through the extrud- 
ing die. The plastic is fed into the 
machine as a granulated material, and 
is carried to the heated section of the 
press by a screw conveyor. Here heat- 
ing is accomplished, and the softened 
resin is extruded onto a conveyor. 

Cellulose acetate has good strength 
characteristics, good toughness and 
low moisture absorption, and shows 
dimensional stability at ordinary tem- 
peratures. An additional property that 


is utilized commercially is the high 
transmission of the clear material for 
ultraviolet light. This is made use of 
in plastic glazing for greenhouses and 
hatcheries. Its freedom from distortion 
of light when used as an eyeshield has 
given it a prominent place among the 
safety materials. The same property 
makes it of value for flashlight lenses, 
models, and as a transparent protective 
covering for blueprints and the like. 

Other uses include transparent or 
decorative packaging, tags and buttons, 
electrical insulation, paint brush bris- 
tles, toilet accessories, small kitchen 
utensils, spectacle frames, etc. 

Cellulose acetate butyrate is a more 
recent member of the cellulosics fami- 
ly, but a successful and widely used 
one. It resembles the cellulose acetate 
in general properties and in method of 
manufacture, but, because it is a mixed 
product, its properties are capable of 
regulation by varying the proportions 
of its constituents. 

The preparation of cellulose acetate 
butyrate follows the plan for making 
the acetate, except that both butyric 
and acetic acids and anhydrides are 
used instead of the acetic compounds 
alone. The resulting material is more 
soluble in organic solvents than the 
acetate, and is more readily plasticized. 
Another feature of the plasticized 
materials is that they have better mois- 
ture resistance than the acetate plasti- 
cized resins. This makes them valuable 
for lacquers and coatings. 

A property of the mixed material 





Tenite pencil ferrules are produced at 

a rate of 120 in a single casting 

through injection molding. (Courtesy: 
Tennessee Eastman Corp.) 
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Approximate Physical Properties of the Cellulosics 











| Approximate | Impact Str., Water 
| Tensile Str., | Ft.-Lb. per | Specific | Top Service | Absorption 
Resin Type Psi. In. of Notch | Gravity Temp., F % in 24 Hr. 
Cellulose Nitrate 5,000-10,000 3.0- 8.0 1.4 140 1.0-3.0 
Cellulose Acetate 4,000- 7,000 3.0 1.3 130 3.0 
Cellulose Acetate 
Butyrate 2,000- 6,000 1.0- 9.0 1.2 140 1.5 
Cellulose Propionate 3,000- 6,000 . 1.2 135 1.4 
Ethyl Cellulose 3,000-10,000 1.0 1 140 1.5 








that is important to the users of molded 
parts is their sharp breaking fluidity. 
They soften only slightly as they are 


heated until a critical temperature is . 


reached, its value depending upon the 
composition of the resin, when fluidity 
increases considerably with only slight 
increase in temperature. This gives 
the molded parts good resistance to 
distortion at somewhat elevated tem- 
peratures, but permits molding at 
relatively low pressures by careful 
selection of molding temperatures. 

A disadvantage of the cellulose ace- 
tate butyrates is that they have an 
unpleasant odor, and may impart an 
off taste to food or water in contact 
with them over a period of time. This 
can be reduced to a considerable ex- 
tent by thorough washing. 

The mixed ester plastic can be 
molded by either the injection or the 
compression methods, can be continu- 
ously extruded, is readily machined 
with ordinary tools suitable for wood 
or metal, or can be cast. Its readiness 
to take up plasticizers is utilized in a 
number of gel coatings in which an 
amount of solvent and castor oil suffi- 
cient to produce a thick gel is added 
to the resin, and the mixture used as a 
dip coating to give protection during 
storage and shipping to metal parts. 
The coating can be stripped off when 
its protective function has been com- 
pleted, and can be remelted and reused. 

Cellulose acetate butyrate can be 
produced in transparent form, and in 
a wide range of colors. The cast resins 
have been used for the production of 
short-run forming tools, punches, and 
draw dies. Molded materials have pro- 
duced football helmets, knife handles, 
building hardware, whistles, gunstocks, 
etc. Coating compositions are being 
used on metal, and on many nonmetal- 
lics. Thin foil goes into electrical insu- 
lation, and into packaging. 

Cellulose propionate is the newest 
of the cellulosics to be introduced to 
industry. It has excellent molding 
properties, and is used primarily in 
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the form of molding powder, by injec- 
tion or sometimes by compression 
molding. It can be used in the form 
of sheets and films also. 

This thermoplastic has low moisture 
absorption, and good dimensional 
stability. It has shown good toughness, 
and is readily compatible with plas- 
ticizers to permit variation in physical 
properties when desirable. Because the 
resin has naturally good plasticity, less 
than the usual amount of plasticizer 
is needed with it as compared with 
cellulose acetate. Molded pieces take 
a high finish, and do not ordinarily 
require polishing. Both light and dark 
colors can be used. 

The formative reaction for cellulose 
propionate is like that for the other 
cellulose plastics, but with propionic 
acid and propionic anhydride reacting 
upon the cellulose in the presence of a 
catalyst. Unlike the cellulose acetate 
butyrate, the odor of the acid constit- 
uent cannot be noticed in the finished 
plastic. 

In addition to possessing excellent 
molding qualities, the resin can be 
extruded successfully. It can be ma- 
chined with ordinary metalworking 
tools, and cuts well at high speed if the 
temperature is not permitted to rise to 
levels at which the material tends to 
soften. 

Cellulose propionate is being used 
for the manufacture of telephones, 
containers, electrical insulation, flash- 
light cases, radio parts, etc. 

Ethyl cellulose, another new member 
of the family of cellulosics, differs from 
the others chemically in that it is not 
an ester of cellulose, but a complex 
ether. It has the distinction of being 
the lightest of the group, with a specific 
gravity only slightly greater than that 
of water. Its industrial possibilities 
were first recognized in Germany in 
1912, but its production in quantity 
did not start until about 25 years later. 

Ethyl cellulose is produced by the 
action of strong caustic soda upon cel- 
lulose, and by treating the resulting 


product with ethyl chloride. Varia. 
in the conditions of the orivinaj me 
ment with caustic, and of the substiry, 
ing reaction with the ethy| compound 
control the amount of ethy! substin, 
tion that occurs, and the properties « 
the end product. The materials hayj, 
the highest percentages of ethyl yjj 
mix more readily with modifiers aj 
plasticizers, and with other resing 
while those of lower content ate 
tougher, and have superior low tem, 
perature impact strength. 

The range of formulations my, 
possible by compounding with way 
natural resins, and such organic sj 
vents as the alcohols, ethers, ketong 
and aromatic hydrocarbons, made Dos 
sible such diverse materials as Strip 
coatings for metal protection, lacque 
bases, flexible films, and hard molde 
objects. It can be produced in all colon 
and in water-clear grades. 

General properties for the ethyl 
celluloses are good electrical insulation, 
low water absorption, good dimension 
stability, high impact strength, good 
toughness, and light weight. It can bk 
molded in compression or injection 
presses, though the pressures required 
are rather high. Extruding can be x. 
complished also. It can be machined 
without difficulty with the ordinay 
metal or woodworking tools. 

Ethyl cellulose has better chemic 
resistance than the other members of 
the group. It will resist attack by mos 
alkalies, but is attacked by acids. 

This cellulosic is used for flashlight 
cases, dairy equipment, jigs and fx. 
tures, containers, hose nozzles, decor: 
tive trim, refrigerator parts, electrical 
items, etc. 


Vinyls 


This family of plastics is one of the 
newest, best known, and most versatile 
in the industry. Just beginning © 
achieve commercial recognition at the 
outbreak of the war, they had grows 
to be the most used of all the plastic, 
in terms of value of product, by the 
end of the conflict. Not only did they 
have the greatest output, in terms 0 
dollar value, but they rolled up ' 
volume about two and one-half times 
that of their nearest competitor. 

A large part of this stupendous 
volume went into military goods. The 
demand for rainwear and tarpaulins, 
at a time when rubber was a critical 
material for all sorts of war needs, we 
largely met by coating fabrics with 
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Bakelite Corp., New York City 

Formica Insulation Co., Cincinnati 

Westinghouse Electric Corp., 
Pittsburgh 

Synthane Corp., Oaks, Pa. 

Durez Plastics & Chemicals, Inc., 
No. Tonawanda, N. Y. 

General Electric Corp., 
tady, N. Y. 

Monsanto Chemical Co., Spring- 
held, Mass. 
National Vulcanized 
Wilmington 

Farley & Loetscher 
Dubuque, lowa 

Continental-Diamond 
Newark, Del 


Schenec 


Fiber Co., 
Mtg. Co . 


Fibre ( Ves 





St. Regis Papet Co., New York 
City 
Richardson Co., Chicas 
Catalin Ci rp New Y x f 
Spaulding | ( 
N. ¥ 
Mica Insulator Ci N Y ork 
City 
Heresit Chemical C« M 
vO \ 
NJ D | 
L) Piast Ph 
Marblette Cory Los sla 
City, N. } 


Watertown Mfe. Co., Watertown 
Conn 


Interlake Chemical Corp., Cleve- 
land 

Columbian Rope Co.,. Auburn, 
N. Y 


Products, In Detroit 


Waterville, Me 


Fabricon 
Keves Fibre Co.. 


Wilmington Fibre opeciaity ' 
East Wilmington, Del 

\ K noedier Co Lancaste! I 
Hood Rubber C W atertow! 
Mass 

as vy (nel ai ( N ] 
City 

los | Ryerson & SO! ine 


Chicage 
Ucinite Div., United-Carr Fast 
ener Corp., Newtonville, Mass 
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Composition 
Type Trade Name Manutacturer or Supplier 
Allyl Kriston B. F. Goodrich Chemical Co., 
Cleveland 
Cellulose Celluloid Celanese Plastics Corp., New 
Nitrate York City 
Pyralin E. 1. du Pont de Nemours Co., 
Inc., Arlington, N. J. 
Nitron Monsanto Chemical Co., Spring- 
held, Mass 
Nixon CN Nixon Nitration Works, Nixon, 
N. J 
Hercules Hercules Powder Co., Wilmington 
Cellulose Tenite I Tennessee Eastman Corp., Kings- 
Acetate port, Tenn. 
Lumarith Celanese Plastics Corp., New 
York City 
Plastacele E. 1. du Pont de Nemours Co 
Inc., Arlington, N. J 
Bakelite Bakelite Corp., New York City 
Fibestos Monsanto Chemical Co., Spring 
held, Mass 
{ } (_hemaco ( I Berkeley He nt 
N. ] 
Hercule Hercules Powder Co., Wilmingtos 
Nixon CA Nixon Nit on Work Niu 
N. ] 
Cellulose 
Acetate L¢ 
Butyrate 
Cellulose Forticel Celanese Plastics Cory} New 
Propionate York City 
Ethyl Erhocei Dow Chemical Co Midland, 
Cellulose Mich 
Lumarith Celanese ‘lastics Corp., New 
FE. ¢ York ¢ ity 
H es Hercules Powder Co., Wilmington 
: Chemaco Corp., Berkeley Heights 
~N | 
. K( Nixot Nitrat 1 Work N 
N 
Polyviny! Resistoflex Resistofiex Corp., Belleville, N. ] 
Alcohol Elvanol E. I. du Pont de Nemours 
in Arlington, N. | 
Polyvinyl Vinylite Bakelite Corp., New York City 
Acetate Elvacet E. I. du Pont de Nemours Co., 
Inc., Arlington, N. J 
Polyvinyl! Formvar Shawinigan Products Corp., New 
Formal York City 
Polyvinyl Alvat Shawinigan Products Corp., New 
Acetal York City 
Polyvinyl Butva! Shawinigan Products Corp., New 
Butyral York City 
Buta E. I. du Pont de Nemours Ci 
Inc., Arlington, N. ] 
Safiex Monsanto Chemical Co., Spring 
held, Mass 
Vinylite Bakelite Corp., New York ¢ 
Polyvinyl! \ Bakelite Corp., New York City 
Chloride G oI Goodrich Chemical Cs 
(_ levé 
ne (_nemat ‘ [ Berkele I 
ae 
lws { S. Stonew a i} 
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Composition | Composition 
Type Trade Name Manufacturer or Supplier Type Trade Name Manufacturer or Supplie, 
Polyviny! | Tygon | U. S. Stoneware Co., Akron Polystyrenes Textolite | General | Electric Co., Schene. 
Chloride Vinylite | Bakelite Corp., New York City and Copoly- tady, N. Y. 
Acetate Chemaco | Chemaco Corp., Berkeley Heights, mers Chemaco a ie Corp., Berkeley Hejp}». 
we i N. J. 
- _ ~ = — — [Tygon U. S. Stoneware Co., Akron 
: _ . a ical Co., Midland, ger OER Ss ae, 
‘Vodies Saran a. Chemical Co., Midlan Nivilaae Polythene | E. I. du Pont de Nemoun. 
, ri . ‘ . Inc., Arlington, N. ] 
- 5 < Che é Cc - ? ’ . 
Chloride Geon B. F. Goodrich Chemical Co Bakelite Sikdiax Ca ee Yak c. 
Copolymers Cleveland ait L 
i a ie ; Polytetraflu- Teflon E. I. du Pont de Nemours | 
Methyl! Lucite E. I. du Pont de Nemours Co., Arlington. N. 1 
Methacrylates | Inc., Arlington, N. J. oroethy oe OD TE me a ee 
Plexiglas Rohm & Haas Co., Philadelphia Caseins Ameroid American Plastics Corp., Ney 
a <r ai EL, Sir ov 9 rho eae York City 
Polyamides Nylon E. I. du Pont de Nemours Co., Galorn George “Morrell Corp., ¥ 
inc. Arlington, N. J. gon, Mich. 
r . ili Co 4 Co ) | 
Polystyrenes Cerex { Sidesiais Chateledl Ce. Geting- Silicones Dow Lorn. ] Dow: rning tp., Midla 
and Copoly- Lustron \ y ing Sili- | Lich | 
" pure held, Mass. 
mers Styramic . cones \ 
Styron Dow Chemical Co., Midland, Silanea! : | 
Stryraloy Mich G-E Sili- } General | lec tric ( 
Bakelite Bakelite Corp., New York City cones tady, N. ¥ 
Loralin Catalin Corp., New York City Dri-Film 








a thin sheet of one of the vinyls. The 
resulting sheet was as flexible as can- 
vas, completely waterproof, and did not 
deteriorate upon exposure to sunlight. 

Although some of them are molding 
compounds producing rigid pieces, it 
is as rubbery, often transparent mate- 
rials that the group is best known to 
the public. These materials usually 
have excellent water resistance, and 
good chemical resistance as well, so 
that they have become valuable as re- 
placements for rubber not only to the 
public, but to industry also. They are 
important as coatings for other mate- 
rials, especially textiles and paper. 

Most members of the group can be 
prepared in this elastomeric form, but 
there is considerable variation in prop- 
erties. The first one listed here, poly- 
vinyl alcohol, is soluble in water; others 
are extremely water-resistant. Some 
are hard molding materials; others are 
tough and flexible; still others are soft 
gels or coatings. Those resins that are 
used only in the textile or paper indus- 
try as coatings will be ignored or men- 
tioned briefly here. Many of the mate- 
rials that go into coatings can by 
change of formulation be used other- 
wise, however. 

Polyvinyl alcohol is prepared by 
hydrolysis of polyvinyl acetate, and 
the conditions under which the hydro- 
lysis takes place have an important 
bearing upon the properties of the 
finished material. When completely 
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hydrolyzed the alcohol is soluble in hot 
water, and is used to coat or impreg- 
nate textiles, paper, leather, etc. It 
possesses good grease resistance, and 
resists the action of solvents also. It 
can be obtained in a range of viscosi- 
ties, and the rate of penetration into 
the substance being coated decreases 
with increase in viscosity. 

The partially hydrolyzed resin can be 
plasticized with various solvents, and 
can be molded. It takes up moisture 
from the air, and is not suitable for use 
where resistance to moisture is a re- 
quired condition. It is impermeable to 
gases, and has good abrasion resistance. 
It may be prepared to have adhesive 
properties, especially as a remoisten- 
able adhesive. 

Polyvinyl alcohols are used in cloth- 
ing for chemical workers; coatings for 
paper, textiles, and leather; adhesives; 
flexible tubing, etc. 

Polyvinyl acetate is another of the 
vinyl group that can be changed in 
form by compounding so that it may 
appear as a molding compound, as a 
flexible material, as an adhesive, or as a 
coating. As it is odorless and tasteless, 
it finds use as an adhesive in the manu- 
facture of food containers. It is also 
used in adhesives for bonding miscel- 
laneous materials. 

The plastic is prepared by the reac- 
tion of acetylene and acetic acid in the 
presence of a catalyst, and the poly- 
merization of the resulting ester. It is 


lightweight and colorless, has beter 
water resistance than the polyvinyl 
alcohol compositions, dissolves in many 
organic solvents, and is compatible 
with a number of plasticizers to prod- 
uce a flexible material. It is slov. 
burning and nontoxic. Water emul: 
sions can be prepared, and these find 
use in the coating of paper and textiles 

When filler is added to the resin, it 
becomes a molding compound having 
good strength, and with flow charac 
teristics suiting it for producing intr 
cate shapes. Molding is done at 225 
to 275 F, and under pressures of 1000 
psi. and higher. Because the resin dis 
torts when heated, the dies must bk 
kept closed and under full pressure 
until the material has cooled to room 
temperature. 

An outstanding property of the 
polyvinyl acetates is the readiness with 
which they can be made to adhere 1 
many different substances. As adhe- 
sives, they are used to bond metals 
cloth, porcelain, wood, glass, papet, 
and other plastics. 

In addition to the uses given, poly: 
vinyl acetate is used as a finish fof 
leather, as a base for lacquers and inks, 
as a Sizing for cloth or paper, etc. _ 

Polyvinyl acetals include sevetil 
materials used to a considerable exten! 
as coatings, laminating resins, and in 
enamels and primers. They are pfo 
duced by the reaction of poly viny! 


MATERIALS & METHODS 
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Jcohol and an aldehyde. Polyvinyl 
cohol and formaldehyde produce 
splyviny! formal, the same alcohol and 
cetaldehyde give polyvinyl acetal, and 
hen butyraldehyde is used in the same 
ection the product is polyvinyl buty- 
yl, Properties of the three materials 
re rather similar, and their uses also 
all into the same general fields. . 

Polyvinyl formal is a colorless resin, 
sed to some extent as a molding com- 
und. Its greatest field of application 
as been in coatings and impregnating 
ompounds, and it has been especially 
useful in an insulating enamel for wire. 
Lacquers have been based upon this 
resin. It is insoluble in most of the 
common organic solvents. 

The second of the group, polyvinyl 
acetal, also is used as a molding mate- 
rial and as a coating and impregnating 
resin. It can be injection or compres- 
sion molded without difficulty, and 

gives a transparent yellowish solid, 

resistant to Many organic solvents but 
soluble in the usual lacquer vehicles. 

As a solid resin it goes into the 
imanufacture of some of the newer 
bkinds of phonograph records, and is 
| Hi sometimes used for photographic film. 
Lacquers and adhesives, and surface 
ie Ma coatings and impregnants, take up a 
large share of the production. 

Polyvinyl butyral, the third member 
of this group, is the one most used in 
nd ae industry. It is the plastic now used in 
F the interlayers of safety glass, where 
pits clear transparency, and stability 

when exposed to light and heat, with 

its adhesiveness and moisture resis- 

_ BBB tance, has caused it to replace other 
plastics for that purpose. 
Like the other alcohol-aldehyde 
polymers, it is versatile. Different 
formulations can be used in adhesives, 
coatings, laminations, molding com- 
pounds, and lacquers. The coatings are 
Stain-resistant, water-repellent, remain 
. fm ‘exible at low temperatures, and resist 
» scuting. For certain types of coatings 
} where elevated temperatures will be 
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encountered it has been found possible 
to blend the polyvinyl butyral with 
ureas or phenolics, and so raise the 
temperature at which softening would 
occur. 

During the war the grades of poly- 
vinyl butyral used for laminated glass 
were used successfully to laminate the 
clear acrylics used in fighting planes. 
The plastic is soluble in many organic 
solvents, has fairly good alkali resis- 
tance, but is attacked by acids. 

Polyvinyl chloride is produced by 
the reaction of acetylene and hydro- 
chloric acid gas, and the pressure 
polymerization of the resulting vinyl 
chloride. It is a colorless, tough, horn- 
like material, resistant to moisture, to 
concentrated acids and alkalies, insolu- 
ble in most organic solvents, will not 
support combustion, and is superior to 
rubber in resistance to deterioration by 
sunlight and oxidation. It can be 
plasticized to a flexible condition, in 
which it fills many needs formerly met 
by rubber. 

The type and quantity of plasticizer 
used determines to a large degree the 
condition of the resulting plastic. By 
adding sufficient plasticizer, polyvinyl 
chloride can be produced in flexible 
films and sheets of rubberlike plastic; 
with less plasticizer it becomes a tough, 
leathery material; still less makes it a 
molding compound, usually with filler 
added. It can also be prepared as a 
dispersion in water or other vehicle, 
and in this form is useful for coating 
or impregnating paper or fabric. In 
another form it can be supplied as a 
solution of resin in a volatile solvent, 
and so applied as a coating, or used to 
prepare a film by running the solution 
onto a flat surface and removing the 
solvent by evaporation. 

It is used for shoe soles, extruded 
belts and suspenders, gaskets, wire in- 
sulation, flexible tubing, rainwear, 
chemically resistant fabric coatings, 

and toys and novelties. 


Approximate Physical Properties of Vinyls 
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Impact Str., Water 
Tensile Str., Ft.-Lb. per Specific TopService Absorption 
sin Type Psi In. of Notch Gravity Temp., F % in 24 He 
F Polyy nyl Alcohol L.000-4,000 Very high 
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Polyvinyl chloride-acetate is pre- 
pared by polymerizing vinyl chloride 
and vinyl acetate together in the 
presence of a solvent and a catalyst. 
The proportions of the two esters used 
can be varied widely, and the proper- 
ties of the finished plastic influenced 
in this way. In the present copolymers, 
the content of polyvinyl chloride is 
80% or higher. 

As is the case with the other vinyls, 
the chloride-acetate copolymers are 
extremely versatile. They are produced 
as molding powders, as standard extru- 
sions, as dispersions for coatings for 
fabrics, as flexible sheet or other forms, 
as solutions for coatings or film casting, 
and as adhesives. The flexible forms 
may serve as replacements for rubber, 
while the clear rigid sheets may per- 
form for glass. Parts can be injection 
molded, but pressures required for flow 
of the material are high. Coatings ap- 
plied to fabrics, paper, etc., from solu- 
tion are unusually tough. 

The resin is colorless, odorless, and 
tasteless; monburning, nonwarping, 
with excellent water and chemical re- 
sistance, and good electrical properties. 
They can be molded, extruded, blown, 
machined, laminated, or cemented. All 
colors can be obtained by use of the 
proper dyes or pigments. 

The material is used for unbreakable 
phonograph records, shoe soles, un- 
breakable watch crystals, belts and sus- 
penders, drawing instruments, instru- 
ment dials, packaging, bottle closures, 
etc. 
Vinyl chloride-vinylidene chloride 
copolymers resemble the copolymers 
of the chloride and acetate, but are 
more soluble and hence more easily 
applied. They are more plastic, and so 
more easily molded. The same wide 
variation of forms of the resin, and of 
its properties, is possible by adjusting 
proportions: of the copolymers, and of 
the plasticizers after polymerization. 

An additional feature of the vinyl- 
vinylidene resins is that they are com- 
patible with certain synthetic rubbers. 
Blends of these materials have been 
prepared commercially, and have been 
adopted for such purposes as uphol- 
stery, in which they serve as a leather 
substitute. Industrially, they provide a 
material for a chemically resistant tub- 
ing having better flexural strength, tear 
resistance, and better resistance to 
deterioration by sunlight and air than 
the synthetic rubber alone. 

The copolymer in solution or in 
latex form is used for coating fabrics 
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and paper. When molded or extruded 
it is used as tubing, acid dippers, valve 
seats, nozzle tips, etc. 


Acrylics 


Although there are several composi- 
tions in this family of plastics, only one 
is of commercial importance. This is 
the polymerized methyl methacrylate 
that has become familiar to everyone as 
beautifully tinted toiletware, as gun 
turrets in warplanes, and as edge- 
lighted novelties or instruments. 

The methyl methacrylate plastics are 

valuable engineering materials, how- 
ever, in addition to being attractive in 
appearance. Their transparency is 
utilized in models of parts or mech- 
anisms in which it is desired to study 
interiors. Their excellent electrical 
properties and moisture resistance have 
made them useful for outdoor electrical 
insulators. They have gone into chemi- 
cal equipment, nonshatterable light 
shields, drawing instruments, and many 
others. 

These resins are produced in plas- 
ticized form, and as solutions and 
emulsions. An important fabrication 
technique consists of casting with the 
liquid unpolymerized material, and 
polymerizing in finished form by ap- 
plication of heat. Use of a combination 
of unpolymerized and polymerized 
material for casting has become one 
of the standard techniques of the dental 
profession in fitting false teeth. It can 
be molded by the compression method. 
Adhesives for joining rubber and metal 
tubing, or for sealing gaskets when 
chemical resistance must be high, make 
use of another formulation of these 
resins. 

Polymethyl methacrylate has excel- 
lent resistance to the action of alkalies, 
and good resistance to the action of 
many acids. This makes it of value for 
fittings in the chemical industry, and 
for chemical containers. Body tissues 
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Plastic funnels such as 
these made of Lustron 
are highly satisfactory 
for many uses. (Cour- 
tesy: Plastics Div., 
Monsanto Chemical Co.) 


tolerate it well, and it has gone into 
plastic surgery. 

Undoubtedly its most useful prop- 
erty is its remarkable transparency. It 
is one of the few plastics that has been 
used for optical lenses, and the only 
one to achieve any large scale applica- 
tions in that field. It has been utilized 
in the optical systems of prism bino- 
culars, and has become a standard 
material for television lenses. Safety 
shields for workers, and machinery 
models for study, are other industrial 
uses. Gage glasses, dial covers, and 
lightweight transparent enclosures in 
general have made use of the methy! 
methacrylates. 

The resins are prepared by treating 
an acetone compound with methanol 
in the presence of sulfuric acid, and 
polymerizing the resulting methyl 
methacrylate. Heat, light and oxygen 
serve as polymerizing accelerators. 

In addition to the uses already men- 
tioned, the resins are used in surgical 
instruments, furniture displays, archi- 
tectural trim, cosmetic boxes, etc. 


Polyamides 


These are the well-known nylons. 
A whole family of these interesting 
plastics exists, including materials 
suitable for extruding into filaments, 
molding powders, and some resins for 
coatings. The greatest volume of the 
material now being produced goes into 
the textile filaments, but the molding 
powders are showing a steady gain. 
Extruded tubes, and filaments for pur- 
poses other than textiles, are also im- 
portant industrially. 

The nylon filament was the first 
synthetic competitor of silk that closely 
resembled silk chemically. It best 
earned the designation “artificial silk,” 
so generally bestowed upon the rayons 
and their successors. Nylon is produced 
by the reaction of polybasic organic 
acids (usually dibasic) and polyfunc- 







tional amines (usually di. 
controlled that long-chai: 
predominate. As much 
cross-linkages are avoided 
of resins can be produced by vatyiny 
the acid or amine used, or the propor 
tions of each, or the conditions of 
polymerization. 

The result is a chemical! compoun{ 
in many ways similar to the natyp| 


Nines ) y 
Polymer 


> Possible 
A Vatiey 





lly st 
moist 
ject! 


reque 
T 






















iC. 
nt COL 
polyet 
‘or h 
nuent 






































































proteins in its composition. It is sloy. fm ©° 
burning, very tough, with good tensile nlir 
strength, takes colors with difficuly jmp" 
tends to absorb moisture to a limiifamey 
degree, and has rather poor electric, {im © 
properties. In molded form it has {;j; fame“ 


dimensional stability, but somewh, mee! 


lower tensile strength than in filamenys In 
It is still rather expensive. irselt 

Aside from its use as a textile mar. ae 
rial, the filament goes into bristles fy, jme°™ 
brushes, surgical sutures, woven screen; [Me °" 
cordage, etc. Molded or extruded nylo, i 
serves as gaskets, automobile wire ins. Mme" 
lation, nonbreakable tableware, slid Mi™ 


gurl 


fasteners, combs, and many others | 
tne 


Polystyrenes Bpro 
Int! 

The polystyrenes include polymer Hen 
ized styrene and many copolymers of HR ro 
styrene compounds, along with some 
copolymers of styrene and butadiene Hp 
Butadiene is the basic compound in MT} 
several of the synthetic rubbers. Som Hi, 
of these copolymers develop sufficient Hise, 
cross-linking to give them unusually His, 
high heat resistance for a thermoplastic Hi po 
material, and certain of them, with rh 
cross-linking carried farther, are true Hite 


thermosetting resins. The entire famil} 
though new, has shown great develop: 
ment and versatility, and there is goo 
reason to believe that this will be one 
of the most important of the plastic 
families in the future. 

At present it is difficult to present 
definite information about some of the 
types, for their composition has not y¢t 
been revealed. This is especially true 
of the new copolymers 

Styrene is made by reaction of ben 
zene and ethyl chloride, to form ethy!: 
benzene. It is also obtained as a by: 
product of several chemical processes 
Synthetic styrene was one of the inter 
mediate materials in the a syn 
thetic rubber program, and for thi 
reason was in good =pply after the 
end of the war. Polymerization of th 
styrene must be carefully controlled 

Polystyrene is another of the [ew 
plastics suitable for making optic 
lenses. It is water clear and dimensi00 
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MATERIALS & METHOD: 
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ly stable, with excellent resistance to 
oisture. For the group, excellent 
Vari Jectrical propa son gl at high 
requencies, are a valuable characteris- 
;.. The polystyrenes and another series 
f compounds to be discussed later, the 
olyethylenes, are standard materials 
or high frequency and ultrahigh fre- 
nuency insulation. — 

Color possibilities are practically 






















IS Slow 

fase nlimited, and may range from trans- 
Ficuln marent to opaque. Injection molding 
lining cles are rapid. Resistance to alkalies 





; excellent, but some strong acids at- 
‘ick the resin. Although it has good 
ensile strength, it is somewhat brittle. 
In addition to polymerized styrene 













» itself copolymers are available, and in 
- mate. nese an attempt is made to eliminate 
les fy some of the defects in polystyrene. One 
creen MmeroUP of copolymers utilizes materials 
vlog fama will produce greater toughness, to 
© insy. overcome brittleness. Another group 

slide MEeLmS at higher service temperatures, to 





surmount the difficulty with most of 
the thermoplastics, a tendency to soften 
at temperatures approaching the boil- 
ing point of water. A third group 
produces thermosetting materials by 
introducing compounds into the sty- 
rene before polymerization to promote 
cross-linking. 

In the first group of copolymers 
butadiene is a common added material. 
The resultant products are frequently 
rubbery types. The second group has 
several thermoplastics that will with- 
stand temperatures above the boiling 
point of water without softening. The 
thermosetting types will withstand 
temperatures up to about 350 F with- 
out distortion or considerable loss of 
elop- strength. 
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resins. 

It is used for high frequency insula- 
tion, blown bottles, refrigerator parts, 
chemical containers, combs, battery 
boxes, dental plates, tableware, electro- 
plating racks, etc. 


Polyethylenes 


The polyethylenes were developed 
during the war years in the United 
States after having been produced in 
England about ten years earlier. They 
are made by the high temperature, 
high pressure polymerization of ethy- 
lene, and a range of materials is ob- 
tained through varying degrees of 
polymerization. They are waxy-white 
solids, slightly flexible, and with excel- 
lent electrical properties. They are 
highly resistant to both alkalies and 
acids, and to most organic solvents 
also. 

Polyethylenes do not soften until 
temperatures rise slightly above the 
boiling point of water, but an antioxi- 
dant must be incorporated in the mate- 
rial to prevent deterioration at elevated 
temperatures. Plasticizers are seldom 
used. Strength properties, brittleness 
at low temperatures, and other proper- 
ties are varied by controlling the condi- 
tions of manufacture. 

The resin can be molded by com- 
pression or injection methods, ma- 
chined, blown, or extruded. It is used 
in coatings and lacquers, wire insula- 
tion, gaskets, washers, piping for the 
chemical industry, surgical sutures, 
acid-resistant clothing, etc. 


Polytetrafluorethylene 











god Polystyrene resins are also produced This is the newest of the plastics, 
Ot HBS as liquid casting resins, using the un- and is similar in many of its properties 
SG Hi polymerized styrene with a catalyst to the polyethylenes. Its outstanding 
added. After forming in the mold, the _ attribute is its high-temperature resis- 
“Sci Mresin can be polymerized at moderate tance. Although a thermoplastic, the 
E che temperature. material does not soften appreciably 
t yet Polystyrene is available as a foamed until temperatures of about 700 F 
(fu My material, as fibrous batts, and as an have been attained. It can be heated 
emulsion or solution, in addition to to plasticity, molded or formed, and 
“i the molding materials and casting cooled again. 
. 
Ses. 
iter: Approximate Physical Characteristics of Other Plastics 
syn —— 
that fae | Impact Str., : Water 
é Tensile Str., Ft.-Lb. per Specific Top Service | Absorption 
the __' Psi In. of Notch Gravity Temp., F % in 24 Hr 
be or y cs 5,000-10,000 0 25 -0.50 1.18 140 0.4 
olyamides 9,000-11,000 0.5 1.15 — 1.5 
few i Polystyrenes 3000- 9.000 0.25-0.50 1.06 165 0.05 
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Of | Case n 10.000 1.0 1.37 300 10 











A disadvantage is that the material 
begins to decompose at temperatures 
above about 300 to 400 F. The rate of 
decomposition is slow at these heats, 
but the gas liberated is a fluorine 
composition, and poisonous. It is rec- 
ommended that the material be used 
in a draft of air when temperatures 
above 300 F are being used. 


Caseins 


The development and production of 
a plastics material for the proteinaceous 
substance casein, obtained from milk, 
was started in Germany about the be- 
ginning of the century. Production 
began in the United States about 20 
years later. The material is difficult to 
classify, as it has some of the properties 
of the thermoplastic types combined 
with others characteristic of the ther- 
mosets. 

Casein plastic is produced by the 
hardening action of formaldehyde upon 
casein. There is little opportunity for 
variation in operations, and the product 
cannot be produced in a variety of 
forms. By molding the casein under 
pressure and hardening with formalde- 
hyde after the material has reached 
finished form, the scrap material can 
be reworked. After hardening, the 
casein plastic takes on the properties 
of a thermosetting resin, and cannot 
be softened by heat so as to reshape it. 

This material is nonburning, has 
good resistance to organic solvents, and 
takes colors well. It is hygroscopic, and 
the swelling upon absorbing water and 
contracting upon drying causes the 
piece to deteriorate. 

Typical uses include the manufac- 
ture of buttons, handles, buckles, small 
novelties, etc. 


Silicones 


A group of recently produced mate- 
rials, the silicones, contains various 
rubbery materials made by polymeriz- 
ing organo-silicon compounds. These 
are useful where elevated temperature 
resistance in the range 300 to 600 F is 
required. They are true plastics, in that 
they are organic in nature, are polymer- 
ized to high molecular weight, and are 
capable of being formed by flow. Some 
members of the group are rubbery, and 
might be thought of as high-tempera- 
ture, synthetic rubbers. Others are 
molded thermosetting resins, and still 
others are varnishes for high tempera- 
ture or electrical insulating use. 


























The silicones are synthesized from 
silicon tetrachloride and organic chlor- 
ides, and polymerized by condensation. 
Several types of compounds are pos- 
sible, depending upon the organic 
chlorides used and the course of the 
reaction. These offer a range of proper- 
ties valuable in industrial materials. 
Included in the products are: 

Liquids, having (a) the property of 
nonwettability, and useful for water- 
proofing ceramics and glass; (b) rela- 
tively constant viscosity over a wide 
range of temperatures, and useful in 
aircraft instruments; (c) incompati- 
bility with plastics and synthetic rub- 
bers, and used as parting agents; (d) 
fluids for high-temperature baths; (e) 
special high-temperature lubricants. 

Greases, for lubrication requiring 
chemical resistance or temperature re- 
sistance. 

Rubbery materials, useful for elec- 
trical insulation at high temperatures, 
chemically resistant gaskets, or non- 
burning elastomeric applications. 


Conclusion: Future Developments 


There is no reason to think that 
possibilities for new plastics materials 
have been exhausted. Rather, the sur- 
face has been barely scratched. 

Scientists are just beginning to un- 
derstand the nature of the linkages that 
result from the particular kind of 
polymerization that produces plastics. 
It is known that straight chain or side- 
chain bonding produces plastics that 
are softenable by heat, z.e., thermo- 
plastic. When bonding takes place 
both as a straight-chain matter and 
between the chains, referred to as 
cross-bonding, the material loses this 
thermoplastic property, and becomes 
thermosetting. X-ray studies have 
verified this relationship between type 
of bonding and thermoplastic proper- 
ties. 

New plastics materials may be ex- 
pected from the following develop- 
ments: 


(1) New plastics may be expected 
from some of the organic compounds 
upon which experiments have not as 
yet been tried. The use of the acrylic, 
vinyl, allyl, ethylene, and other organic 
radicals for polymerization into plas- 
tics seems to indicate that, under the 
proper conditions, a similar polymer- 


Laminating compounds, used for 
preparation of fire-resistant panel board 
for aircraft, and similar uses. Glass 
fiber fabric is the usual filler. 

One of the largest uses of silicones 
has been in the making of high-tem- 
perature insulation for motor windings. 
Use of a silicone varnish and glass fiber 
fabric to produce a nonburning insula- 
tion has made it possible to raise the 
working temperature of electric motors, 
and so to use smaller motors to produce 
a required output, or to get a larger 
output from a given motor. The great- 
est use has been in the aircraft industry, 
where weight savings pay large divi- 
dends. 

Other materials are sometimes in- 
cluded with the plastics, some because 
they resemble the plastics as materials, 
others because they utilize plastics as 
an essential part of their product, and 
still others because they resemble the 
plastics in their fabrication or use. 
Natural and synthetic rubbers have 
already been mentioned. They are pure 


ization could be effected with many 
more of the organic groups. Further- 
more, the fact that condensation of the 
allyl copolymers produces a thermo- 
setting resin, while the corresponding 
reaction with the vinyls gives a thermo- 
plastic material, offers a hint that inter- 
esting and valuable properties may be 
found in some of these future conden- 
sation products. 


(2) New plastics may be produced 
from other esters and copolymers of 
presently used radicals, also. The first 
plastic, celluloid, was made from cellu- 
lose nitrate, and one of the newest 
plastics materials was the propionate 
of the same organic base. Many differ- 
ent combinations have been produced 
from vinyl bases, both by use of other 
esters and by copolymerizing several 
esters. 


(3) The field of plastics blends or 
alloys, in which the finished plastics are 
intimately mixed together, holds enor- 
mous possibilities within itself alone. 
The compatibility of the various plas- 
tics and the mechanical problem of 
mixing them intimately are the only 
obstacles to the creation of an infinite 
variety of theoretical formulations, in 


plastics within the definirion apre 
upon, but are usually thought of a8 
separate industry. Vulcanized fib, 
valuable industrial materia! mad, fe 
chemical treatment of wood uh 
paper, or board, resembles ek " 
' ; SSCS 1 

some of its methods of fabrication and 
in uses, but lacks the concept of poly. 
merization to high molecular Weight 
as a part of its manufacture. 

Resin-bonded plywood is someting 
included with the plastics because ; 
makes use of resinous adhesives jp js 
manufacture. From the viewpoint o 
the materials engineer it is a wo 
product. Shellac, ome of the ex ‘ 
natural resins used industrially, ¢9. 
forms with the requirement of molj. 
ability, but is not polymerized. 

Another group, sometimes called the 
cold molded plastics, includes suc 
materials as asphaltum and cemer 





made up with a filler. They embod ( 
the idea of plasticity, in that they ax 

molded, but fail to conform with th ¢ 
true plastics otherwise. ; 


—_ es ws iro 


which practically any combination o 
properties within the outside limits oi 
the entire range of plastics could bk 
obtained. Plastic blending has been 
started, and it will certainly produce : 
variety of new plastics materials as is 
techniques become better understoo 


(4) Development of new formul: 
tions for present plastics, such as the 
use of new fillers, new plasticizers, new 
laminating materials, may provide plas 
tics with new properties. The use d 
foaming agents to produce plastics 0 
familiar composition but with very low 
specific gravity is an illustration d 
what may be done. 









(5) New developments in fabricat 
ing techniques may widen the plastié 
horizons. Friction welding, for exail 
ple, made possible the production 0 
multi-colored buttons in which a pla 
tic was faced with another plastic d 
different color. In other articles t 
plastic might be joined to a differett 
type of plastic, or to another nonmettl 
or to a metal. These new compositt 
materials, and other materials that maj 
be produced by future techniques, W 
be available to the engineer for solviti 
his problems of material selection. 
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Call JOHNSON BRONZE 


at Atlanta + Cambridge, Mass. + Buffalo 
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Dallas * Detroit * Kansas City, Mo. + Los 
Angeles * Minneapolis - New York - 
Newark « Philadelphia * Pittsburgh « St. 


Louis - San Francisco « Seattle. 








\ 


APRIL, 1947 











equipment. Now you can secure all your requirements 
in cast bronze bearings . . . particularly in the larger sizes 

. in days ... not months. Our new and enlarged 
facilities plus over five hundred skilled, returned service- 
men have made this excellent delivery possible. 


On standard stock items . . . UNIVERSAL Bronze Bars, 
G. P. Bearings, Electric Motor Bearings . . . we can ship 
your order the day it is received. 


Why not check your requirements NOW? Send us your 
prints and your specifications. Remember, Johnson Bronze 
makes every type of Sleeve Bearing . . . an unfailing 
source of supply with the highest reputation for quality. 
Write, wire or call—TODAY. 


JOHNSON BRONZE COMPANY 
769 South Mill Street New Castle, Pa. 
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New Aluminum Solder 
To the Editor: 


Can you please supply me with a 
more complete address for Alumi- 
num Solder Corp., which was men- 
tioned in your article “Aluminum vs. 
Copper”, appearing on page 61 of 
the February 1947 MATERIALS & 
METHODS? 


The above is the request for infor- 
mation made in several letters re- 
cewed since publication of Mr. 
Knight's article. The complete ad- 
dress of Aluminum Solder Corp. is 
10 E. 52nd St., New York. Another 
company with much the same product 
is Aluminium Co. of Ohio, 1360 W. 
Third St., Cleveland, Ohio—The 
Editors. 


Caustic Soda Quenching 
To the Editor: 


This letter has been occasioned by 
your well presented article in the 
January issue entitled “Caustic Soda 
as a Quenching Medium” in which 
was discussed the advantages and 
shortcomings of this material. 

However, several of my fellow 
metallurgists as well as myself were 
irked in finding that this article was 
published as “An Outstanding 1946 
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A monthly department dedicated as a forum fo, the 
interchange of ideas between readers and Editors 
All readers are urged to take advantage of thi 
space and participate in the discussions Presented 





Development in Heat Treating.” A 
survey of the literature will show that 
in the early or middle twenties a 
paper was published . . . on the effects 
of quenching steel for hardening in 
different of caustic 
soda. Several companies as well as 
many of my fellow New England 
metallurgists have likewise been us- 
ing this quench for years. 

Your publication is, as it rightly 
should be, read in entity by the upper 
executive group of many of our lead- 
ing manufacturing concerns. These 
may frequently have had little or no 
experience in the metallurgical end 
of the business. Some of my metal- 
lurgical contemporaries have been 
unduly embarrassed in trying to ex- 
plain to their management that they 
have been using for more than a 
decade, a process that the “top brass” 
had been led to understand was an 
entirely new development of the past 
year. 


concentrations 


[ enjoy your publication very much 
and have on file all issues for over 
10 years. Your digests of current 
literature have at many times been 
of considerable aid to me: 


Lloyd E. Raymond 
Stratford, Conn. 


Our labelling of the article in 
question has been somewhat misun- 
derstood, not only by some readers 
but also by the author. All are aware 
that quenching in caustic soda is not 
new. What we intended to convey 
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was that this method is now mu 
more widely applied on parts py. 
duced in tremendous quantitie~ 


The Editors. 


Westinghouse and the Metal Show 
To the Editor: 


Several of our people have calle! 
my attention to a statement on p.' 
of your January issue . . . “Accordin; 
to reports, Westinghouse arrived wit 
their goods, encountered labor trov 
bles, and went back home, etc.’ 

Actually, this is an incorrect repor 
as all our people were informe 
several months before the conventic 
that we had cancelled arrangemens 
to participate. Therefore, no materi 
was shipped for our booth. Howeve 
it was too late for the show manage 
ment to sell the space, so there wi 
a courtesy sign. As.no Westinghous 
goods were shipped, we naturall 


encountered no labor trouble. 
Carl Nag? 
Manager, 
Technical Press Service, 
Westinghouse Electric Corp. 


Apparently we were gullible ' 
this case and took an oft-repedt 
tale for the gospel truth. We are gla 
to have the facts in the matter # 
thus set to rest the rumor that react 
us from the much maligned sul 
reliable source.”—The Editors. 
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Thermocouple Protecting Tubes 


To insure longer life, with unimpaired accuracy, it is necessary to protect thermocouples adequately. Corrosion, contamination 
wnd abrasion all shorten the life of bare thermocouples. Protecting tubes are capable of withstanding these actions. 


A thermocouple should have as little protection as possible, consistent with life characteristics. Sensitivity will be reduced and 
delayed response to temperature changes will result from use of very heavy tubes. 


Recommendations for various atmospheres and media follow: For continuous duty the temperatures shown are the maximum 
recommended. For intermittent use tubes may be used at slightly higher temperatures than shown. 





Maximum ; 
Type of Atmosphere Teun. F Material of Tube 





“Natural or Oxidizing (Ordinary Heat Treating) 2200 27% chromium iron 
2400 Pure nickel or porcelain 
2900 Porcelain 





Neutral or Reducing (Carbon Monoxide) (Such as 
Gas Curtain Hardening) 2200 27% chromium iron 
2400 Pure nickel or porcelain 
2700 Porcelain 


Hydrogen, Ammonia (Such as Bright Hardening 
or Brazing) 1000 Wrought iron or seamless steel 
80 nickel-14 chromium-6% iron (Inconel) or pure nickel 
or porcelain 
Porcelain 
Nitriding 80 nickel-14 chromium-6% iron (Inconel) or 62 nickel- 
13% chromium 


Slagging or Corrosive Action (Neutral or Oxidiz- 

ing) (Such as Forging Furnace or Kilns) | Fire clay with inner porcelain or P.B. Sillimanite 
Slagging or Corrosive Action (Neutral or Reducing) 

(Such as Open Hearth Roof) 2500 Silicon carbide with inner porcelain 
Sulfur Content 2000 27% chromium iron 
Sulfur Dioxide 2200 80 nickel-14 chromium-6% iron (Inconel ) 
Hydrogen Sulfide 1000 80 nickel-14 chromium-6% iron (Inconel ) 
Lead Vapors (Rare Metal Refining) 2200 80 nickel-14 chromium-6% iron (Inconel) 
Steam 1500 8 nickel-18% chromium 
Steam 2000 80 nickel-14 chromium-6% iron (Inconel) 
Corburizing 2000 27% chromium iron 


Kind of Media 
Molten Sulfur 500 Monel 
Cyanide or Salt Bath 1750 Drawn chromium iron (specially treated ) 
Salt Bath 2400 Same material as pot 
Carburizing Salts 2000 Same material as pot 
Dowtherm — Pure nickel or porcelain 
Dilute Sulfuric Acid 180 Lead or Monel 
Hydrochloric (Muriatic) Acid \20%-1101 Monel 

} 10%-140 \ 

Oil Baths — Seamless steel or wrought iron 
Glass 2800 Porcelain 
Tin —_ Extra heavy wrought iron or seamless steel 
Lead 1000 Extra heavy wrought iron or seamless steel 
Lead 2000 80 nickel-14 chromium-6% iron (Inconel ) 
Zinc (Galvanizing) 1000 Extra heavy wrought iron (put an open end pipe sleeve 





around the protection tube. This should be changed 
when eaten through. ) 


| Brass (Intermittent Only) 2100 27% chromium iron 


TC 


Brass or Copper Alloys (Intermittent Only) 2300 27% chromium iron 

Aluminum 1500 Cast iron—paint with whiting daily 

Magnesium (Dow Metal) Extra heavy seamless steel or 27% chromium iron 

Die Cast Metals 1200 Cast iron or extra heavy wrought iron—paint with whiting 





daily. 





l] In general, heavier tubes should be used for excessive corrosion or abrasion. 


(Courtesy: Wheelco Instruments Co.) 
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The simplest and best way to attach a nut is to 
THREAD IT FIRST and then projection weld it to the part. 
That’s what Midland Steel Products is doing on automobile 
and truck frames—using a Progressive Press Welder. NO 
RETAPPING is necessary after welding. 


Formerly either arc-welded or mechanically 
attached to frames, these nuts (see sketch) are placed 
in a die on the lower platen of the welder. The part 
is slid along until a registering hole drops over the 
shoulder on the nut. The upper platen is brought 
down, one shot of current is passed through the nut, 
fusing the projections to the side-rail and the job is 
finished. A dozen or more nuts are attached to the 
side-rail shown in this manner. Nuts range in size 
from 4 to % inch. 


If you have a problem of attaching threaded 
studs or nuts to other parts, consult Progressive’s 
PROCESS ENGINEERING DEPARTMENT. We 
will be glad to help you. 


Are you reading Progressive’s Resistance 
Welding Pictorial? Here you will find each month 
case histories of how WELDINGENUITY is cutting 
manufacturing costs and improving product 
appearance, performance and life. Ask for it on 
your company letterhead. 


CABLE ADDRESS “PROGWELD" 
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RESISTANCE WELDING EQUIPMENT 
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NUMBER 138 MATERIALS Aluminum Alloys 
April, 1947 METHODS Finishing 
Aluminum has a naturally bright and attractive surface color of bare aluminum through a variety of chemical and : 
appearance. For a great many applications it is entirely electrochemical methods. Since anodized aluminum may ’ -- 
suitable without the necessity for further finishing; many be dyed almost any conceivable color or cmt through the an TI 
procedures and methods, however, have been worked out proper application of the appropriate organic dye or inor- Zeean8 
satisfy our ingenuity and our love of variety ganic salt, the methods involved are purposely omitted from paeen 
— ' the following tabulation of the various colored effects which 
It is possible to alter the reflectivity, appearance and may be produced on aluminum and its alloys. L wil 
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Color Method Used and General Remarks Color Method Used and General Remarks 4 
Produced Produced | SeuEe 
Frosted | Immerse for a few seconds in hot sodium Brown (1) Immerse in cold solution of ammonium 
White | hydroxide, rinse in cold running water and hydroxide and water. A velvety brown 
then immerse in concentrated nitric acid at color is produced on aluminum-silicon 
room temperature. Rinse and dry and coat alloys. 4 
with clear lacquer to prevent finger staining. (2) Immerse in boiling water solution of 
ae Me : — er potassium permanganate, nitric acid and 
Bright Immerse for a few seconds in hot solution of copper nitrate. Gray to brown to black BEBE = 
White sodium hydroxide and sodium fluoride, then coatings may result by changing the time BEERS 
proceed as in frosted finish. Resultant finish is of immersion. Ladies 
brighter and more uniform. ———— —_—— Ht++++4 
an earetrarenerenenaparins estan - i Black (1) Apply a carbonaceous material such as oo 
Silver Boil for 10 to 15 min. in a water solution of linseed oil, varnish, egg white, etc., and +++ ++ 
White silver nitrate, potassium chromate, potassium then heat until material is burned into r++ 
os . . . ; acwn 
~~ = _carbonate and sodium bicarbonate. — Jai IOS the surface of the aluminum. Rather high cry an 
Oxidized Dip in solution of hydrochloric acid, arsenic, C) ser capi ge “ cemae 
Silver ferrous sulfate and copper sulfate. Repeated ), Dus the Costing produced 1s a durable 4 
; )- and adherent black. 
immersions result in oxidized silver effect. ; , 
—_—— — (2) Immerse in solution of platinum chloride a 
Gray (1) Anodize by any of the commercially prac- and water or alcohol and then dry at es 
tised methods. Chromic acid methods 300 to 305 F. ' 
produce deep uniform gray colors; sul- (3) Immerse in hot solution of water, boric +-74 
furic methods may be used to produce acid, disodium phosphate and common wee +++ 
hard clear to light gray coatings. salt. pH of the solution is maintained Seen e 
(2) Boil for 5 to 10 min. in a water solution between 8 and 9. 
of potassium dichromate and sodium (4) Immerse for 60 sec. in water solution of Bead 
carbonate. ammonium molybdate, sodium acetate, 4 
(3) Boil for 30 min. in a water solution of and ammonium chloride. neeee 
potassium carbonate, sodium carbonate a . ; eres: en. rT 
and potassium dichromate. Mottled | Immerse in solution of sodium fluosilicate, nenen 
- ; ——— Black | and sodium or potassium or ammonium ni- Te 
lrides- Immerse for 1 to 5 min. in a hot solution of | trate, to which has been added copper or nickel [| is 
cent ammonium hydroxide, ammonium chloride salts. Interesting black and white effect is L 
and suitable metal salts. Varying the metal produced on irregularly shaped patches of Lb 
| salts alters the tint obtainable. aluminum. r + 
Bil 
eeerr 
=o ee 
+++ dal “a 
r + + . - 
p--+-—4 4-4 — 
cr dant 
aeeas 
Prepared by George Black 
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NUMBER 139 METHODS. . . . . . . Machining 
April, 1947 MATERIALS . . . . Ferrous Metals 


Thrust Loads in Drilling 





CAST IRON MACHINE STEEL 





Feed in In. per Revolution 





0.005 0.010 0.015 0.020 0.001 0.005 0.010 | 0.020 


74 128 177 223 42 128 207 335 

98 170 235 296 55 170 275 445 
120 208 288 362 68 207 336 $44 
159 276 382 481 90 275 446 723 
194 338 467 588 110 337 546 2 884 
227 395 546 688 128 394 638 84 1035 
258 449 621 781 146 447 725 1175 
287 500 692 871 163 498 807 1310 
315 549 759 956 179 547 886 1435 
34? 596 825 1040 194 594 962 1560 
369 642 888 1115 209 640 1035 3 1680 
394 686 949 1195 223 684 1105 1795 
419 729 1010 1270 237 727 1175 1905 
443 771 1065 1340 251 768 1245 2015 
467 812 1125 1415 264 809 1310 2125 
490 852 1180 1485 277 849 1375 2230 
512 892 1235 1550 290 889 1440 2330 
556 968 1340 1685 315 965 1565 2535 
599 1040 1440 1815 339 1040 1685 2725 
640 1115 1540 1940 362 1110 1800 2915 
680 1185 1640 2060 385 1180 1910 3100 
720 1255 1730 2180 407 1250 2020 3275 
758 1320 1825 2295 429 1315 2130 3450 
795 1385 1915 2410 450 1380 2235 3620 
$32 1450 2005 2520 471 1445 2340 3790 
904 1575 2175 2740 511 1570 2540 33 4115 
973 1695 2340 2950 551 1690 2735 4430 
1040 1810 2505 3150 589 1805 2925 1735 
1105 1925 2660 3350 626 1915 3105 5030 
1230 2145 2965 3730 697 2135 3460 5605 
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CAST STEEL CARBON STEEL 


96 161 219 2/ 50 146 233 306 371 
127 214 291 360 66 195 310 406 492 
156 262 356 440 81 238 379 =} 497 602 
207 348 472 585 108 316 503 660 800 
253 425 578 715 132 387 615 807 978 
296 497 675 836 154 452 943 1145 
336 565 767 950 175 513 1070 1300 
374 629 855 1060 195 572 1195 1445 
411 691 938 1160 214 628 1310 1590 
446 750 1020 1260 232 682 1425 1725 
480 808 1095 1360 250 734 1530 1860 
514 864 1170 1450 267 785 1640 1985 
546 918 1245 1545 284 834 1740 2110 
577 971 1320 1630 300 882 1840 2230 
608 1020 1390 1720 316 929 47 1940 2350 
698 1075 1455 1305 332 975 2035 2470 
668 1125 1525 1890 347 1020 2130 2580 
725 1220 1655 2050 377 1110 2310 2805 
780 1310 1780 2205 406 1190 S 2490 4020 
834 1400 1905 2360 34 1175 3 2660 3725 
887 1490 2025 2510 1355 2830 3430 
938 1575 2140 2650 487 1435 228 2990 3625 
988 1660 2255 2795 1510 2400 3150 3820 
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Prepared by Canedy-Otto Mfg. Co., Chicago Heights, Ill. 
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bit METALS GET HAPPILY MARRIED 


WHEN JOINED WITH MUREX 
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ALUMINUM BRONZE ELECTRODES 





Brass can be welded to steel...iron can be 
welded to copper. .and many other combi- 





nations of commonly used metals can be 
joined together with high strength and ex- 
cellent bearing qualities—when the welding 


is done with Murex Aluminum Bronze 








Electrodes. 

The Murex line includes five aluminum 
bronze electrodes, each with outstanding 
welding characteristics and exceptional phys- 
ical properties...each designed to provide a 


certain Brinell hardness of deposit...and all ‘i | 


five are made to satisfactorily take care off 
any application that an experienced welder 
may find in a day’s work. | 

The superior results provided by Murex 
Aluminum Bronze Electrodes aresaehieved 
with a minimum of penetration and with 
quick cooling. Write today for further 
information about these products and ask 
for your time- nies. yy aie chart. 
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echanical Properties of Aluminum 
Bronzes at High Temperatures 


Condensed from “Metallurgia” 


\juminum bronzes are pre-eminent 
mong copper-base alloys in their resistance 


» oxidation and scaling at elevated tem- 


peratures. ' ; 
Most 10% aluminum bronze is normal- 


ved to give alpha plus beta. This structure 
s retained indefinitely at ordinary tempera- 
mres but at moderately elevated tempera- 
rures, beta decomposes to alpha plus gam- 
ma. Gammae is usually detrimental to 
room temperature toughness and ductility. 
Thus, a major problem was to ascertain if 
the unavoidable formation of gammaz was 
undesirable in elevated temperature service. 
Actually, a “stabilizing” treatment in which 
the beta was decomposed to alpha plus 
sammas by a preliminary treatment at 930 
F improved the creep resistance. 

The tensile tests indicated no lack of 
strength and ductility at 750 F even in the 
stabilized samples where the gammas fe- 
duced the room temperature elongation. In 
most cases, the strengths at 750 F were con- 
siderably higher in the stabilized condition 
than those of the corresponding normalized 
materials. Stabilization caused appreciable 
embrittlement up to about 840 F, at which 
temperature the notched bar values became 
the same for both types of heat treatment. 
At 1110 F, all the alloys, irrespective of 
their original condition, became tough be- 


cause the alpha plus gammaz complex was 


reconverted to beta at temperatures above 
1050 F. 

The stabilizing treatment improved creep 
properties. Under these conditions, the 
stabilized is preferable to the normalized 
form in spite of inferior room temperature 
properties. If the relatively low creep re- 
sistance of the normalized material can be 
tolerated initially, no harm will be done 
by using it, because it will tend to improve 
during service due to the decomposition of 
the beta. In rupture tests at 480 F, the alloy 
containing 3% iron and 10% aluminum 
gave consistently longer life and greater 
extension at fracture than the same alloy 
without iron or an alloy with 10 aluminum, 
5 iron and 5% nickel. 

A comparison with tin bronze, gun metals 


and a copper-silicon-manganese alloy shows 
that tin bearing alloys are much inferior to 
the a num bronzes in their resistance to 


cree} Vhile the silicon alloy appears to 


be sI ly superior at 750 F, this material 
is h apped by relatively large initial 
extensions. The aluminum bronzes appear 
to | € most promising of the copper- 
Dase ys for service at moderately elevated 
te tures. (E. Voce, Metallurgia, Vol. 
2 


1946, pp. 3-9.) 
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Characteristics of Zircon Porcelain 


Condensed from “Journal of the American Ceramic 


Zircon porcelain is a war-born product 
which is becoming of great permanent value. 
As the name implies, it contains a major 
portion, at least 50% by weight, of the 
mineral zircon. 

This new porcelain is an extremely hard, 
dense, white mass somewhat heavier than 
the conventional types of ‘porcelain. It 
lends itself well to the development of 
all types of vacuum or hermetic metal-to- 
porcelain seals. The stability of mechanical 
properties and shape at temperatures up to 
1830 F or higher also merits consideration 
for special applications. 

Zircon porcelain is exceptionally strong 
mechanically, and it has good electrical 
characteristics at normal and elevated tem- 
peratures, low electrical losses at high fre- 
quencies, and very good thermal-shock re- 
sistance. This excellent combination of 
properties affords zircon porcelain wide 
application in the low-frequency power 
field, in high-frequency and ultra-high fre- 
quency communications and signaling equip- 
ment, and in special installations where 
resistance to thermal shock or insulation of 
electrical circuits at elevated temperatures 
are prerequisites. No other known por- 
celain has such a diverse field of usefulness 
as zircon porcelain. 

Among the current or impending elect- 
rical uses for zircon porcelain are com- 
ponents for radio, radar and miscellaneous 
high-frequency equipment; for example, 
sockets, tube bases, coil forms, terminal and 
switch plates, antenna insulators, and coxial 
cable terminals. Some of the other appli- 
cations of zircon porcelain are capacitor 
dielectrics, spark-plug insulators, resistor 
tubes of all types, strain insulators, bus 
supports, bushings for transformer and 
Capacitor cases, and large bushings and 
supports for application at elevated tem- 





Soctety” 


peratures or over a wide range of frequen- 
cies. In addition to their electrical uses, 
zircon porcelains will undoubtedly find 
technical and mechanical applications where 
superior properties are required. (Ralston 
Russell, Jr. & W.C. Mohr. J. Am. Ceramic 
Soc., Vol. 30, Jan. 1, 1947, pp. 32-35.) 


Tungsten and Nickel Codeposition from 
an Aqueous Ammoniacal Citrate Bath 


Condensed from “Metal Industry” 


An investigation was made to determine 
the effect of bath pH on current efficiencies 
and on the percentage tungsten in the de- 
posit. An aqueous ammoniacal citrate bath 
containing 10 gm. per |. nickel sulfate, 25 
gm. per |. sodium tungstate and 66 gm. 
per |. citric acid with ammonia to give the 
desired pH at 160 F was used. The pH 
had much less effect on cathode current 
efficiency and on the tungsten content of 
the deposit than on the anode corrosion. 
The maximum tungsten was obtained with 
pH 7 and the maximum current efficiency 
with pH 7.4. The adjustment of the pH 
with sodium hydroxide instead of ammonia 
gave undesirably low cathode current efh- 
ciency. 

In baths containing 10 to 40 gm. per |. 
nickel sulfate, 25 to 100 gm. per |. sodium 
tungstate and 66 gm. per |. citric acid, 


adjusted to pH 7 at 160 F with ammonia, 
it was found that the cathode current density 
had a great effect on the appearance of the 
cathode. In general, the cathode plates were 
streaked below about 6 amp. per sq. dm., 
bright in the medium range and somewhat 
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fogged at high current densities. A definite 
improvement was noted when the pH was 
raised to 8, while triethanolamine gave 
further improvement and increased the 
bright range. However, triethanolamine 
could not be used as it deleteriously af- 
fected the bath stability. 

An increase in the nickel sulfate concen- 
tration increased the current efficiency 
markedly, decreased the tungsten content of 
the deposit and promoted dullness of the 
plate. An increase in the citric acid content 
decreased the current efficiency and the 
tungsten content. An increase in current 
density increased the current efficiency sig- 
nificantly only with the higher citric acid 
concentration, but did not affect the tung- 
sten content. The tungsten content of the 
plate increased with the bath temperature. 

With 132 gm. per |. citric acid, an in- 
crease in the tungstate markedly decreased 
the current efficiency, but its effect was neg- 
ligible with 66 gm. per |. citric acid. The 
tungsten content of the deposit was in- 
creased by an increase in the tungstate con- 
centration. There was some cracking of the 
plate as the tungstate content was increased, 
but this was counteracted by an increase 
in the citric acid content. 

Tests on the codeposition of other metals 
showed that only iron, cobalt, nickel and 
silver would codeposit with tungsten from 
this type of bath. (L. E. Vaaler & M. L. 
Hoyt. Metal Industry, Vol. 69, Nov. 22, 
1946, pp. 434-436.) 


licral—A New 
High Strength Light Alloy 


Condensed from “Revue de l’Aluminium” 


There are various reasons, both economic 
and scientific, why it takes so long to de- 
velop a new alloy. In France, only a single 
new high strength aluminum alloy has been 
introduced since duraluminum FR in 1935. 
This new alloy, A-Z8GU, required more 
than ten years laboratory work. 

The strengthening effect of zinc had long 
been known, but the zinc-aluminum alloys 
had too little corrosion resistance for com- 
mercial use. Further research work was 
carried ut in France, England, Germany, 
and Araerica; all reached the same con- 
clusions at about the same time. The inter- 
crystalline corrosion of the zinc-aluminum 
alloys could be decreased by adding a small 
amount of other elements such as copper, 
chromium and vanadium, and by using an 
aging temperature above room temperature. 
The properties of the alloy were a function 
of the zinc and magnesium contents as 
well as of the ratio of these elements. 

With this common background, each 
country developed its own formula for the 
new alloy. In France, where the utmost 
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weight saving was necessary because of the 


scarcity of materials, an alloy with 2.5% 
magnesium and about 8% zinc was adopted. 
In England and America, a lower strength 
alloy with 2% magnesium and a little under 
6% zinc was chosen because of its better 
fabricating properties. 

The alloy Zicral of the A-Z8GU type has 
the following composition: 7 to 8.5 zinc, 
1.75 to 3 magnesium, 1 to 2 copper, 0.1 to 
0.4 chromium, 0.1 to 0.6 manganese, and 
0.7% iron plus silicon. It can be rolled, 
drawn, and forged. Sheets are clad with a 
zinc-aluminum alloy to increase their cor- 
rosion resistance. It is a normally furnished 
solution treated by a quench in oil or water 
from 870 F and aged for eight hr. at 275 F 
or 24 hr. at 210 F. The properties of drawn 
bars are 78,200 to 92,500 psi. elastic limit, 
85,300 to 99,600 psi. tensile strength, 6 to 
10% elongation, 160 to 180 Brinell hard- 
ness, 22,800 to 25,600 psi. endurance limit, 
99,600 psi. elastic limit in compression and 
9,960,000 psi. modulus cf elasticity. The 
density is 2.8. (Marcel Tournaire. Revue 
de l’Aluminium, Vol. 23, Oct. 1946, pp. 
303-305.) 


Clad Steels for 
Corrosion Resistance Applications 


Condensed from “Corrosion” 


The following factors affect the corrosion 
rate of metals: (1) mature and concen- 
tration of corrosive media; (2) temperature; 
(3) degree of aeration; (4) rate of flow or 
movement; (5) presence of impurities. The 
most reliable corrosion information is ob- 
tained from tests conducted in plant pro- 
duction equipment under 
actual service. 

Proper selection of material is possibly 
the most important single factor in the 
design and fabrication of corrosion resistant 
equipment. There is no metal or alloy which 
is a “cure all” for all corrosion problems, 
each having its range of usefulness. In 
maay ‘cases, the most effective corrosion- 
resistant material is not the most economical 
material. Having available reliable cor- 
rosion rates, it is possible to select the most 
economical material, and design the equip- 
ment of clad steel for the required life or 
to obsolescence. 

Good design of equipment made of clad 
steel is also important. It is desirable in weld 
joint design to eliminate fillet welds and 
lap joints where possible and also to elim- 
inate all possible galvanic action from use 
of dissimilar metals. Continuity of cor- 
rosion-resistant surface is another important 
design factor. 

Good fabrication of corrosion-resistant 
equipment is very important. With the ex- 
ception of silver-clad steel, all clad materials 
are fabricated by practically the same pro- 
cedure. In general, butt type welding with 
proper metallic arc electrodes is recom- 
mended. The corrosion resistant surface of 
clad steel plate should be protected from 
mechanical damage and iron contamination 


conditions of 


during fabrication. 


Clad steels are very desirable for fabri- 


cation of large plant equip: 


lt wh; 
quires appreciable thickness which 


, Material ¢ 
physical reasons. The follow,» a. ' 
are commercially available ; plate Pi 
nickel, Monel, Inconel, sta; ess > 
, gh 


chromium steels and silver 
Gosnell. Corrosion, Vol. 2, | 
287-306.) 
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Thick Nickel Deposits 
for Special Surface Protection 


Condensed from “Mecanique” 


Thick electrodeposits of nickel, like hard 
chromium deposits, are a magnificent jp, 
dustrial tool. These two metals are go 
competitive but -complement each other: 
each has its own field of use. 

Thick nickel deposits are among the 
most suitable means of building-up wor 
or mis-machined parts. Properly deposite, 
the nickel coating is homogeneous, 4. 
herent and machinable. It can be deposited 
on bronze, cast iron and all steels eXCEpt 
those with high contents of tungsten oy 
manganese where the adherence is medio. 
cre. Satisfactory deposits can be made eve) 
on austenitic steels, high chromium stee\ 
and Monel metal. The hardness of the 
deposit may be varied from 150 to 45 
Brinell by suitable modifications of the 
plating conditions. The most usual hari. 
ness range of commercial applications, hov. 
ever, is 200 to 230 Brinell. 

These deposits are generally used fo 
resuffacing contacting parts and for in- 
parting resistance to wear and corrosion 
Although the nickel does not have the 
wear resistance of hard chromium deposits 
it work hardens rapidly to give a hardnes 
of 280 to 290 Brinell. A_ large bearing 
surface, well dimensioned and _ lubricated, 
may be resurfaced with nickel if it is used 
at low or medium speeds. 

The nickel plating of surfaces operating 
in contact with phosphorus bronze, lead 
bronze or nickel-cadmium alloys is sot 
advisable. Heavily loaded bearing surtaces 
used at high speeds should be chromium 
plated if the amount of wear is less thao 
0.02 in. on the diameter. If the amount o! 
wear is greater, they should be first nickel 
plated and then chromium plated. 

It is impossible to indicate the cost 0! 
thick nickel deposits as each operation 
constitutes a particular case. (ID. Chambaud 
Mecanique, Vol. 30, Dec. 1946, pp. 28)- 
289.) 


Glass-To-Metal Joints 


Condensed trom "Sheet Metal Ind ustrt 


Joints formed by direct fusion of glass 
to metal may be divided into “matched 
seals in which the expansions of glass 49 
metal are very similar and “unmatched 
seals in which the expansions differ sv® 
stantially. Among the metals used ar: moly- 
bdenum, tungsten, platinum, 26% cho 
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etic ipper plated), 43% nickel- 
we wy and copper. In all cases, the sur- 
oy r he etal must be clean. It is then 
a hs 4 very lightly before the glass is 
0 

oe reacts with unoxidized met- 
Pps \jberate gases which seriously weaken 


the seal. The oxide film prevents the glass 
from coming into direct contact with the 
metal and acts as @ cement because all 
oxides are soluble in molten glass. The 
oxide layer must be thin, however, to pre- 
vent leaky seals. 

In matched joints the expansion char- 
acteristics of the glass and metal must be 
wich that the stresses resulting from differ- 
ential contractions are not sufficient to 
cause the glass to crack. The best compro- 
mise is tO seek a combination that will 
match in expansion near the upper an- 
nealing temperature and at room tempera- 
wre. The expansions of glass and metal for 
matched seals must be carefully controlled 
to produce a prescribed stress in the glass 
dependent on the conditions the seal has 
to withstand in service. For general pur- 
poses, the glass in the joint should be in 
slight longitudinal compression. 

In unmatched seals, the expansion of the 
metal substantially exceeds that of the glass 
so the glass is in compression and the metal 
in tension. If the metal is ductile and its 
cross-section sufficiently thin, satisfactory 
seals may be made in spite of expansion 
differences. Examples of this type are thin 
copper tubes sealed to W1 glass and moly- 
bdenum foil conductors sealed to fused 
silica. 

The only unmatched seal which does not 
depend on the distortion of the metal is 
in the joining of tungsten or molybdenum 
to fused silica by means of a dome of a 
special glass. In this case the expansion of 
the glass is low enough to restrict the 
tension stresses at the glass-silica joint al- 
though the stresses at the metal-glass bound- 
ary are very high. (J. H. Partridge. Sheet 
Metal Ind., Vol. 24, Jan. 1947, pp. 119- 
128.) 


“Rubber Plated” Metal 


Condensed from “Western Metals” 


Rubber has excellent resistance to all 
chemicals except strong oxidizing agents, 
such as nitric and chromic acid, certain 
aromatic hydrocarbons, and the alephatic 
hydrocarbons. Since it has been found pos- 
sible to vulcanize and to bond rubber to 
steel, its use as a corrosion resistant lining 
material has expanded rapidly. 

The principal limitation of rubber is 
femperature. Under most circumstances rub- 
Der Will withstand temperatures up to 180 
F. Special compounds will handle certain 
matt at temperatures up to around 210 
F, possibly certain synthetics may be 
deve which will handle even higher 
fem ires. 

. e tanks of all shapes, sizes and 
have been rubber lined. For num- 
pes of process tanks, rubber lining 
me standard equipment. Use in 


Var 
ero 


has 
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plating tanks is another important appli- 
cation. Rubber, being a non-conductor, in- 
sulates the operation and prevents current 
leakage; it also prevents metallic contam- 
ination such as might occur with lead 
linings. 

Rubber lined pickling tanks have proved 
to be quite satisfactory in service. Due to 
the severity of the service, the steel tanks 
are of rugged construction and 4 in. of 
rubber lining with proper reinforcements 
are necessary. Inner linings of acid proof 
brick and cement are required to provide 
proper temperature gradient and protection 
against mechanical abuse. 

Rubber linings can be installed in stand- 
ard flanged fittings and in pipe sections up 
to 20-ft. lengths. Special headers, manifolds, 
bends, etc., lend themselves to the rubber 
lining process. There are three types of 
rubber lined valves in common use: the 
diaphragm valve, the ordinary gate valve, 
and a special design of angle valve. In 
piping work it is essential that the butt 
joints are even and that inner edges of 
flanges be ground to ¥4-in. medium radius. 
(W.S. Long. Western Metals, Vol. 4, Nov. 
1946, pp. 16-19.) 


Economies in Materials for Metal Parts 


Condensed from “Métaux et Corrosion” 


Savings in material may often be made 
by more precise design calculation or by 
a more intensive study of the properties of 
metals, testing methods and fabricating 
procedures. The relationships between the 
strength of finished parts and the various 
mechanical characteristics determined in 
the laboratory should be investigated. 

Economies may also be realized by re- 
placing a more expensive material by a 
less costly one or by the fabrication of parts 
with a minimum of machining. In material 
substitutions, however, it must be remem- 
bered that alloying elements in steel have 
some common attributes, but may have 
others which prevent their complete in- 
terchangeability. 

Before the war, the highest hardenability 
steels were almost exclusively chromium- 
nickel or chromium-nickel-molybdenum 
with 3.75% nickel, 1.50% chromium and, 
sometimes, 0.40% molybdenum. Progressive 
shortages in Europe led to the use of 
chromium-molybdenum steels, then chro- 
mium-manganese and chromium-manganese- 
vanadium and, finally, manganese-vanadium, 
manganese-silicon and manganese steels. In 
general, these steels have lower hardenability 
than the older steels. In order to success- 
fully use these substitutes, it was necessary 
to determine their properties, suitable heat 
treatments, and, particularly, the size ranges 
in which they could be used. 

A good example of material economies 
resulting from substitution is the field of 
alloy steel castings. Formerly, chromium- 
nickel and chromium-nickel-molybdenum 


steels were generally used. Today in France, 
however, a large proportion are made of 
chromium-molybdenum steels with 1.5 to 
3% chromium. 

The fabricator has at least as much re- 
sponsibility as the metallurgist in saving 









materials. The specification writer should 
not be influenced by the appearance of new 
test methods or by the more precise know- 
ledge of the significance of mechanical 
characteristics to establish too severe accept- 
ance requirements. Unnecessary require- 
ments delay delivery, increase price and 
decrease the amount of acceptable material. 

No laboratory test replaces service. When 
a practical service trial has shown parts to 
be satisfactory, a very simple test with the 
sole purpose of insuring the identity with 
previous shipments is adequate. This iden- 
tity is a function of numerous variables and 
may be difficult to determine. One or more 
characteristics, judiciously chosen and sta- 
tistically analyzed, should be capable of 
separating unusable products from those 
that are satisfactory. (G. Delbart. Métaux 
et Corrosion, Vol. 22, May 1946, pp. 64- 
65, 72.) 


Plating With Gold 


Condensed from “Metal Finishing” 


The ability of gold to resist corrosion and 
tarnish oxidation at high temperatures and 
its almost complete imperviousness to 
chemical attack, ideally suit it for laboratory 
apparatus, electrical contacts and cavity 
resonators in radio, pen points, and infra- 
red lamp reflectors. Its use in tableware, 
musical instruments and jewelry is also 
widespread. 

Two objections to the use of pure gold are 
its softness and its prohibitive cost. But 
both these objections can be overcome by 
coating a harder and cheaper metal with a 
thin film of gold by means of plating. A 
coating as thin as one-millionth of an in. 
or less may be applied and still give the 
finished work the desired durability and 
beauty. 

There are four methods of plating gold. 
The oldest process is known as mercurial 
gilding. It is the most uneconomical of the 
four. However, the important advantage of 
the method is that both the thickness of 
film and its color can be controlled. 

The immersion method involves nothing 
more than immersion of the work in a 
suitable bath, without use of electrodes or 
external current, and allowing it to remain 
until gold transfers from the solution to 
the work piece. Only a thin coating of gold 
is possible with this method, but the film 
is of high specific gravity and therefore of 
good quality. The method has the advantage 
of simplicity and resultant low cost. 

The single cell or salt water method, 
like the immersion method, requires no 
external source of electricity. It uses a zinc 
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HAND PYROMETERS 


The XACTEMP PYROMETER 
makes possible better qual- 
ity control and helps to- 
ward elimination of blow- 
holes, burnouts, sand infil- 
tration and other flaws due 
to incorrect temperature... 
affords a simple, effective 
means for accurate temper- 
ature measurement of mol- 
ten, non-ferrous metals. 
Well-balanced, easy to 
handle .. . always ready 
for use and requires no 
preliminary adjustments. 

Cast aluminum and brass construction. 
Indicator is of medium resistance not affec- 
ted by thermocouple length . . . acts rapidly 

provided with Alnico V magnet and 
direct reading dial starting at 50° F. 43” 
stainless steel extension . . . standard 7” 
Marshall tip permits true readings below 
surface of metal. Made to give good serv- 
ice for years. Order at once to be sure of 
immediate delivery from stock. 


Catalog No. MM701 oy pee 


Complete with Thermocouple. . 


Catalog No. MM7 Replacement Thermo- 
couple Tip ..... see bbe deed enesses serene 


Ask about XACTEMP PYROMETERS for all-around 
general temperature checking. A full line of ther- 
mocouples available in stock. 
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CLAUD S. GORDON CO. 


Specialists for 33 Years in the Heat Treating 
and Temperature Control Field 


Dept. 13 e¢ 3000 South Wallace St., Chicago 16, Wil. 
Dept. 13 ¢ 7016 Euclid Avenue e Cleveland 3, Ohio 


es % » Sat aed 
Ae RS Foe ; Cx eS 
Se RE ee RE Se eae tnt SS] 


~~ 





152 








electrode suspended in a salt solution. The 
salt solution is contained in a porous pot 
which, in turn, is set in the gold solution. 
A copper wire connects the zinc electrode 
and the work hanging in the gold solution. 
The coating obtained is very uniform in 
thickness and color and will stand up 
adequately under moderate service. 
Electrogilding is the most common 
method. Here a gold anode (or sometimes 
platinum, stainless steel, nichrome, or hard 
carbon) is used in the gold solution and 
external source of current applied. This 
method permits the maximum amount of 
coatrol both as to thickness and color. For 
quantity production this is the preferable 
method. (H. M. Haberman. Metal Fin- 
ishing, Vol. 44, Dec. 1946, pp. 525-528.) 


High Temperature Properties of 


Magnesium-Cerium-Zirconium Alloys 


Condensed from “The Journal of the 
Institute of Metals’ 


Sand cast binary magnesium-cerium alloys 
with about 3% cerium have good strength 
and resistance to creep at 39% F. They are 
not hot-short or susceptible to serious 
shrinkage troubles, and cast well in sand 
molds. However, their mechanical proper- 
ties at room temperature are poor and are 
apparently incapable of improvement either 
by superheating before pouring or by heat 
treatment. 

By the addition of zirconium, alloys are 
obtained which have room _ temperature 
properties comparable to those of the usual 
casting alloys. For example, sand cast test 
bars of an alloy with 2.57% cerium and 
0.49% zirconium had a 0.1% proof stress 
of 13,775 psi., an ultimate stress of 23,520 
psi., and an elongation of 5.8%. 

A series of sand cast test bars with the 
same nominal zirconium content (0.6%) 
but with 0 to 5.5% cerium showed that 
cerium within this range has no marked 
effect on the ultimate stress although the 
proof stress increases steadily with the 
cerium and reaches 17,695 psi. with 5.5% 
cerium. The Brinell hardness also increases 
with the cerium content, but the elongation 
decreases sharply with the addition of small 
amounts of cerium and is further reduced 
as the cerium is increased. The best com- 
bination of properties at room temperature 
is possessed by magnesium-cerium-zircon- 
ium alloys with 2.5 to 3.5% cerium. Little 
gain in properties results from heat treat- 
ment of these alloys. 

The resistance to creep of the magnesium- 
cerium-zirconium alloys is far higher than 
that of the usual magnesium casting alloys. 
The creep resistance at 390 F of certain of 
these alloys is very little inferior to that of 
the widely used aluminum alloys of the R.R. 
50 (DTD 133 c) type. The combination 
of good casting qualities and good mechan- 
ical properties at ordinary and elevated 
temperatures makes the magnesium-cerium- 
zirconium alloys attractive for some im- 
portant light-weight stressed components of 
engines for which magnesium base materials 
have hitherto been unsuitable. 
















The addition of certain other eleme 
such as calcium, zinc and silver, dogs , 
affect the good high temperature proper 
of the magnesium-cerium alloys. The to, 
temperature mechanical properties of 
magnesium -zinc-cerium-zirconium  4|| 
tested are, however, inferior to thos 
the magnesium-cerium-zirconium alloy wi 
the same cerium content. (A. J. Murphy 
R. J. M. Payne. J. Inst. Metals, Vol, | 
Nov. 1946, pp. 105-128.) 


Materials and Methods for 
Aircraft Construction in France 


Condensed from “Revue de Il’ Alumini 


During the war Zicral or T.60, an alum 
inum alloy with zinc, magnesium and cop 
per as the alloying elements was developed 
in France. This alloy has about 79,600 ps. 
tensile strength, 67,000 psi. elastic limi, 
and 8% elongation. Its application is st 
not general in the airplanes currently being 
produced but most of the prototypes have 
been substantially lightened by its use. 0 
accessory alloys for airplane use, the 
5% magnesium alloy of the Duralinox tyr 
might be cited, as well as the new 
aluminum alloy with 1.5 to 2 lead 
created because of the brass shortage 

Continuous casting and continuous fol: 
ing in four high rolling mills are not new 
but their industrial exploitation is quit 
recent. Numerous forming methods known 
prior to the war have been improved 
forming in hydraulic or mechanical pressé 
with steel or cast iron punches and dies 
forming with zinc alloy dies (Kirksite 
stamping with rubber pads and Masonit 
dies in hydraulic presses. 

Riveting has been only partially sup 
planted by welding. Automatic riveting 
machines have not been used as widely # 
they might. Developments have been cot 
fined mainly to rivets for assemblies 4 
cessible from one side only, high sheal 
strength rivets (usually of hard steel and 
sometimes even of stainless steel) an 
dimpling of very high strength alloys whet 
heating is usually required. 

Welding, however, is growing 
portance. The control of surtace preparation 
by measurements of the contact resistantt 
and of the operation of welding machine 
have been improved while harder electrocés 
are available. Atomic hydrogen welding, 
argon or helium welding, the Weibe! pt 
cess and weld-brazing with a 5% silicot 
aluminum alloy, are processes receiving 


MATERIALS & METHODS 
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eased attention in pro- 
tion field 
, machining, most of the machines in 
rion factories lack the speed and power 
using new tools to the best advantage. 
oress has been made in the field of 
is milling cutters, turning tools and 
d saws. The use of synthetic glues for 
ining light metals, either to each other 
to plastics and wood, may have a great 
ure. 
Little change has been made in casting 
bys except for the introduction of the 
magnesium alloy. Normal duralum- 
m and duraluminum FR are currently 
| for forging, although recent tests on 
ry high strength alloys of the Zicral type 
promising (J. Guillemin. Revue dé 
yminium, Vol. 23, Nov. 1946, pp. 339- 


An Abrasion Tester to Determine 


Wear Resistance of Materials 
The ASTM Bulletin” 


The techniqué of obtaining a quantita- 
ve measure of the resistance of a material 
) the effects of routine wear has always 
en a problem. An abrasion machine em- 
loying a continuously changing abrasive 
urtace has been developed to test for wear 


ondensed from 


aterials such as painted surfaces, metals 
nd synthetic resins. 

Essentially, the machine consists of two 
ndependent units: (1) a vertical track 
hich carries the specially prepared speci- 
mens around to meet the abrasive, and (2) 


carriage which rests on roller bearings and 


Bas provision for keeping a strip of sand- 
P4per in continuous motion while abrading 
the 
Rhe 


and 






samples. The directions of motion of 
sandpaper and samples are opposite, 
contact between the two is maintained 


PY dead weights attached to the carriage 
») a Ca 


le-spring-pulley arrangement. 
Standard comparison specimens of zinc 
with each run. Measurements 
these standards over a period of 
Shown the sandpaper to be 
consistent. 

strument described is an abrader 
simply the abrasion re- 
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asures 


Sist various materials under standard- 
ize tions and is only for comparing 
the iper abrasion resistance of various 
mi not for comparing the relative 
e of these products for any gen- 
“fa (F. M. Gavan, S. W. Eby, Jr. & 
BC. ( trader. ASTM Bulletin, No. 143, 
pDe , pp. 23-29.) 
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EEFIGIENT .... 


No time lost for heading 
up wheels; operator at 
times can use 





all 
hands 


work being finished. 


MAINTENANCE... . 


All parts used are of well- 
known standard manufacture 
and designed to give long 


service. The 


when using Lea Emulsion 
Spray Composition, 
cleaned with hot water with- 
out dismantling. 


CLEAN... 


Excess amounts of spray 


never 
clean. 


LEA EMULSION SPRAY UNIT as ex- 


hibited at the National Metal Con- 
gress and Exposition at Atlantic City. 


FLEXIBLE. . 


both 
in handling the 


DALE... 


flammable. 


entire apparatus, 


can be 


present; work is 


coating. 


The Lea Emulsion Spray Method of Polishing and Buffing is so widely adapt- 


able that we suggest you look into its usefulness in your shop. Tell us what 


your work schedule is and we'll be glad to recommend the proper size 


Lea Spray Machine. 


ECONOMICAL... 


Spray composition require- 
ments 50% of bar composi- 
tion or even less; no wastage 
in butt end or nubbins. Spe- 
cial valve design permits 
close control of composition in 
the spray. It saves on buffs, 
too, because of the uniform 


Operations can be en- 
tirely automatic, that is, 
with continuous spray- 
ing or timer controlled 
intermittent spraying; or 
spraying can be con- 
trolled by foot treadle. 


it's completely non- 


ant 


bs 

ay 
te, 
=: » 











THE LEA MANUFACTURING CO. 


4—LM—7 


16 CHERRY AVENUE 


WATERBURY 86, 


Burring, Buffing ond Polishing ... Monvfaocturers ond Specialists in the 
Development of Production Methods and Compositions. 


CONN. 
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SILVER 


, ae _pductiot 
BRAZING 


io wap | ALLOY 


APW No. 217 is tops for low temperature production brazing 
of steel, stainless steel, alloy steel, copper, brass, bronze, 
Inconel and monel metal. Only small amounts are needed to 
make clean, sound, leak-proof joints. 
Tested and approved by leading manufacturers... 
here are a few typical applications: 
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A-Stainless Steel & Copper Refrigerator Sub-Assembly. B-Brazed Steel Universal 
joint. €-Carbide Tool Tip brazed to Shank. D-Stainless Steel Fork Assembly. 





WIRE COILS, STRIP, SHEET, WIRE RINGS, 


WASHERS, DISCS AND SPECIAL INSERTS. SILVER BRAZING ALLOY FOR 


| ANY FORM ® ANY SIZE EVERY PURPOSE 
| ANY QUANTITY 











oe 
APW No. 369 PASTE FLUX 


Gives maximum protection to metal surfaces being 
joined and actively promotes flow of molten alloy. 
Easily soluble in hot water. 


¥ 
Send for our new folder 45W. 











THE AMERICAN PLATINUM WORKS 
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How Modern Steel is Made and Usp 


THE METALLURGY OF QUALITY Srey 
By C. M. Parker. Published by Rein}, 
Publishing Corp., New York, 1946, Clog 
644,x.91% in. 248 pages. Price $6, 
The author of this book is well-knoy 
in the American steel industry—e ; 
secretary of the General Technical (op 
mittee of the American Iron & Se 
Institute. The material is based on wy 
time educational lectures. The discuss 
follow fundamentals pretty closely, thoy 
some of these are controversial, with } 
author leaning to the conservative sid 
The text is well written, the sul 
thoughtfully chosen, and there are 
160 illustrations. The 13 chapter 
a wide variety of subjects. The 
the work is indicated by a list of 
chapters: I—The General Nature of Sx 
Ili—Steel Quality as Related to Metho 
ot Manufacture; IlI]—Steel Quality 
Related to Ingot Practice, Chemical Con 
position and Control; [V—Steel Qualit 
as Related to Rolling Practice; V—Is- 
spection Procedures Used to Determir 
Steel Quality; VI—The “Mechanical Test 
ing of Steel; VII—Thermal Critical P 
and Solid Solution Changes; VIII 
nealing, Normalizing and Spheroidiz 
IX—The Effects of Alloying and I: 
dental Elements; X——-The Hardening «i 
Steel; XI—Hardenability; XII—Sp 
Characteristics of Steel; and XII]—Ge 
eral Characteristics of Standard Ste 
Grades. 






















A Russian Book on Corrosion 


THEORY AND RESEARCH METHOD 
METALLIC CORROSION. By G. W. Ab 
mow. Published by Academy of Sctentt 
of U.S.S.R., Moscow, 1945. Cloth, ¢ 
101% in., 414 pages Price 

In Russtan.) Obtatnable from Mzaun 


4 


rodnija Kniga, Kusnetski most M 
cow, U.S.S.R. This is a very comprenet 
sive work divided in two parts, 4s 
title indicates. The first part, dea witl 
the theoretical aspects of the cot! 
metals, is a well assembled sun 
the theory of corrosion. One 
pliment Professor Akimow on t 
lent arrangement of the mate 
rather concise presentation. In 
this work is an excellent supplement ' 
the book by Evans. 

This reviewer noticed one sion 
which should be mentioned. L 


MATERIALS & METHOD? 








nothing—is said of the 
n and corrosion action. 
quite considerable im- 
should have been dis- 
f the progress of studies 








years. 

part, dealing with the 
vestigation and factual data 
results corrosion studies, suffers 
ewhat from the lack of up-to-date in- 
‘mation. The study of references indi- 
es that the author has not had access 
the publications in this country much 
vond the year 1938 or, at the latest, 
40. It is probably for this reason that 
due emphasis, it seems to this reviewer, 
< heen placed on the importance of salt 
ay or some, now obsolete, methods of 
intercrystalline corrosion. 


de in fee 
The sec 
thods ol 
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dying 













CY STEMI Op the other hand, the reviewer was 
Reino ricularly impressed with, for example, 
740, Clo areful and interesting table which sum- 
rice $6. .cizes various methods of studying cor- 
Well-knowdlly ion and estimates their practical and 
'Y—he @BReoretical usefulness. 
cal Col The book is an obvious and pleasant 
' & Ste provement, insofar as its appearance is 
1 ON Wall ncerned, upon former publications of 
e USS.R. It should be translated into 
tl nglish, and let us hope that it will be 
hen translated, it will be a very worthy 
ve tribution to the subject of corrosion 
€ § In passing, the reviewer would like to 
that he was interested in the 
‘ ne English words into the 
age. One of such is ‘pit 
ing.” another, “intercrystalline.”” This cir- 
E ote mstance should perhaps give us a ray 
Met! t hope that some time the scientists of 
uality e world will speak the same language 
cal Con V. N. KRIVOBOK 
| Quali 
V—| 
eter 
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A Breakdown That Will Never Occur 
Foreseen by Sperry’s 
Supersonic Reflectoscope! 






















































This distorted pattern of light you see across the oscilloscope of a 
Sperry Supersonic Reflectoscope is indicating accurately and instantly 
the location of internal defects or flaws — flaws that, undetected, 
. might have cost wasted hours in machining defective material — 
flaws that might even have caused service failures in the finished 
product! 


Now in wide use throughout industry, the Supersonic Reflectoscope 
makes possible rapid, effective non-destructive testing for internal 
defects with complete safety — better quality control. 


Inexpensive to operate, the Reflectoscope will search many metals 
and alloys to depths in the order of ten feet. 


Write today for bulletins and data sheets which may help you to 


solve your quality control problems, 
SP-103 


SPERRY 
PRODUCTS, 


Willow Avenue at 15th Street 
Hoboken, New Jersey 












Engineering Shop Notes 


Electric Salt Bath Furnace Electrodes Renewed Automatically 


by E. F. Elliott, 
Upton Electric Furnace Div. 


A new means of automatically renew- 
ing electrodes which have been per- 
manently sealed in among the refractory 
matter at the bottom of an electric salt 
bath furnace has been developed. The 
method makes use of graphite rods and 
the natural chemistry of a high tempera- 
ture salt bath furnace to cause the 
electrodes, which are normally wasted 
away during high temperature heat treat- 
ing, to renew or “‘self-perpetuate” them- 
selves. Source of the renewing agent is 
the presence of oxides which are normal 
to any high temperature salt bath. 

The electrodes—there are usually two in 
the average high heat furnace—are lo- 
cated in a slot or pocket in the bottom 
of the furnace. On each side of the 
pot and immediately above each electrode 
there is a ledge or overhang of refrac- 
tory material that is slightly wider than 
a graphite rod. The graphite rod, being 
of considerably lower specific gravity than 
the salt, is thus held against the under 
side of the ledge by its buoyancy once 
it is placed in position. 

As the oxides contact the graphite rod, 
they are reduced to a metallic state, and 
since their melting point is higher than 
that of the bath, they form a metallic 
scale on the graphite rod. 





; 
: 











Sketch indicates how oxides which form in 
the bath are employed to self-perpetuate 
the electrodes. 


However, the contact with the carbon 
rod increases the carbon content of this 
metallic scale and reduces its melting 
point until the scale melts and drops from 
the rod. Since the rod is immediately 
above the electrode, the metal falls on 
the electrode. 

Here, out of contact with the carbon of 
the rod, the oxides in the bath will reduce 
its carbon content until it becomes a solid, 
integral part of the electrode itself. This 
process continues automatically until the 
carbon rod has been consumed, when a 
new rod can be inserted under the ledge. 

In some heat treating operations this 
automatic renewal of the electrodes may 
not be fast enough because of the type of 
work being treated or because the graphite 
rod can not be used. In these instances 
an “auxiliary” and very rapid means of 
replenishing the electrades exists. This 
consists of simply dropping some cast 
iron into the bath. Since the cast iron 
is of lower temperature than the bath, 
it will melt and run over into the slot. 
Then, by the simple chemical action out- 
lined above, the oxides reduce its carbon 
contents so that it becomes an integral 
part of the electrode. 

Thus, by either means, the electrodes 
never need changing and they will, in 
fact, out-last the furnace itself. Additional 
advantages claimed for the use of the 
graphite rod are that it reduces the 
tendency for decarburization of the work 
being treated, and also keeps the bath 
quiet and completely neutral. 


Metal Cleaning with the 


Sodium Hydride Process 


by H. L. Alexander, 
E. I. du Pont de Nemours & Co. 


Development of the sodium hydride 
descaling process has made available to 
metal working shops and plants a clean- 
ing method with a variety of uses. To 


produce the desired cleaning and descali 
action, the process utilizes the reduciy 
action of small quantities of sodiys 
hydride, which are dissolved in a fused 
caustic carrier bath operated at 70) | 
A water quench and rinse follow. The 
either complete the cycle or prepare ty 
work for subsequent operations. 

When perfectly clean surfaces are { 
sired, the cycle is completed by a sho 
acid dip and a water rinse. The acid dj 
may be eliminated in many cases whe 
preparing surfaces for hot dip lead 
zinc coating, enameling, or machining 

An application of the sodium hydrii 
descaling process has been developed « 
cently by a manufacturer who use ; 
proprietary paint as stop-off for the selec. 
tive carburizing of various steel pan 
By the use of this stop-off paint, tk 
manufacturer can effect considerable w- 
ing; however, after heat treatment, th 
scale resulting from the paint is extreme 
difficult to remove by normal methods 
containing, as it does, a considerable 
amount of finely divided silicious an 
cuprous material. Treatment in th 
sodium hydride bath completely reduc 
the scale present and removes all trae 
of the silicious material. A treatment 0! 
approximately 10 min. in the sodium 
hydride descaling bath with subsequet 
water quench produces parts suitable tor 
further machining operations. 

The use of the sodium hydride tre 
ment for descaling prior to plating 
arousing considerable interest. In matj 
cases it is possible to either eliminate a0 
completely or to confine its use to a shor 
final dip prior to actual plating operations 
The process is particularly effective 
descaling small, intricately shaped pat’ 
which are normally cleaned in batches 

Improved electroplated coatings ° 
copper and nickel have been obtained 
when small, heat treated parts were « 
scaled and then plated. While bata 
anodic cleaning previously produced 0 
fair plating results on the inner surtact 
much-improved plating is being obtaine 
now that a newly installed hydride aes 
ing unit is in use. 

Another recently developed use 
sodium hydride is in desanding and © 
scaling intricate castings, such as pum? 
and compressor parts, which must be 
thoroughly cleaned before final assem) 
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earment is used following 
+ shot-blasting operations; 
be used, however, as a 
nary sand removal. This 


e hydric 
brmal san 
should 
_pplication is also used prior 
‘ning operations as broaching 
14 other work for which expensive tools 
e used and in which imbedded sand is 


tremely injurious tO tool life. 
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Planning Heat-Treat Cycles 


to Avoid Production Delays 
by J. Edwin Burkhardt, 


*. Glenn L. Martin Co. 

edu 

soda The problem of eliminating produc- 
4 fugjfmmmion delays caused by the necessity of 
700 Fimmmpeat treating various aluminum alloys for 
 Thelmifferent time periods practically has been 
YATE the lved at the Glenn L. Martin Co., through 


he adoption of a revised time cycle tor 
are de eat treatment. This cycle was found sat- 


















a shoeimmmastactory for at least four different alloys 
Cid dip 538, Aldad 14S, R-301 and OIS. 

; whe Under the old method, the four alloys 
lead were aged at two different time periods; 
ning 4S and R-301 were aged together at 
hydride 850 F for 6 hr., while 53S and 61S were 


aged together at 350 F for 8 hr. This 
resulted in delay on rush jobs due to the 
difference in the time, and the necessity 
either to hold 14S and R-301 for 6 hr. 
while the furnace was being used to age 
538 and 61S for 8 hr., or using the 


Ded ft 
uses 4 
e selec: 

parts 
it, the 
le say. 


it, the engine mount furnace, rivet furnace or 
remely fewood shop furnace for heat treating some 
ethods of these alloys. 

lerable Under the revised method, the four al- 
s and fue loys are all aged together at 350 F for 8 hr. 
) th for 340 F for 10 hr. This saves at least 


educs fe) hr. of furnace time each week, and 
traces eecliminates the need for using other fur- 
ent of naces, thus at the same time eliminating 
odium delays in the heat-treat of rivets and 
quent fi Motor mounts. There is also a small direct 
le for HM saving of additional loading and unload- 
ing, and transportation of aluminum al- 
treat: Je loys to different furnaces. Storage space 
ng is e's also saved, as it is not necessary to rack 
many up an accumulation of aluminum waiting 
e acid to be heat-treated. The shop benefits 
short He through more efficient planning without 
tions the usual heat-treat delay when working 
e in the materials that have the same _heat- 
parts treat specifications. 
ches Either of the time cycles has distinct 
; ot advantages over the old method. The 
sine’ He S-hr. treatment at 350 F permits the 
> de- aging of at least four different alloys in 
patch : the same furnace load. The 10-hr. treat- 


only Hie Ment 340 F permits the shop to age 


rial during the interval between 
uned Be SECOr nd first shift; the second shift can 
|) Be Pec it in the furmace, the heat can be run 

¢ whi one is working, and the day 
for fie Shift take it out. Either time cycle 
ie ie Clim s the tie-up of other department 
ump tari ind delay in rush jobs. The aging 


be Cycle nform with government specifi- 
rly Cat 


races 4 this [ 
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A Handy Milling Fixture 


by Robert Mawson 


A small machine shop recently devised 
a useful milling fixture to simplify the 
machining of a large quantity of small 
brass connectors. In the illustration the 
part is shown as it comes from the screw 
machine, which is the first operation, 
and also a view of the finished piece. 
In this latter view it will be seen that 
the piece has two sides milled to 4-in. 
wide and for a depth of 5/16 in. 

The rather interesting fixture designed 
for this milling operation is made with 
a machine steel base “A,” which is 
fastened with screws through the four 
holes shown to the cross-slide of a small 
lathe. On this base is fastened a fixed 
jaw block “B” and a jaw “C” of some- 
what similar design. The jaw “C” oscil- 
lates on pin “D.” At the upper end of 
the jaw blocks is a flat leaf spring “E.” 

On the outer face of the jaw “C” a cam 
lever “F” moves around pin “G.” At the 
outer end of the rod, which is screwed 
into the cam lever, a machine eye is at- 
tached. To this eye is fastened a steel cord 
that passes over a drum, fastened on the 
face of the lathe bed, and then continues 
downward to a foot operated pedal. 

The hole “H” in the two jaws is 
machined slightly smaller than the shank 
of the piece being milled so that when 
the jaws are closed the piece will be held 
firmly in position. 

To use the fixture, the operator removes 
his foot from the foot pedal and spring 
“K” forces the cam lever back against 
stop pin “J.” With the cam removed from 
block jaw “C,” the jaw can slide out 
swinging on pin “D” by reason of the 


tension exerted with spring “E.” It will 
be noticed that the upper inner surfaces 
of the jaw blocks have been relieved so 
that block “C” can swing out without in- 
terfering with the fixed jaw block. 

The operator then places the piece to 
be milled in hole “H,” pushing the piece 
down until its shoulder is in contact with 
the upper surfaces of the blocks. The 
operator then pushes down the foot pedal 
and this motion forces the loose jaw block 
against the fixed jaw, thus holding the 
piece in position. 

Since the fixture is attached to the 
cross slide of the lathe, when the cross 
slide is fed under the two side milling 
cutters, which have been correctly spaced, 
the sides of the piece are milled to the 
proper width. The cutters and spacer are 
held on an arbor in the lathe and driven 
by a lathe dog on the arbor in the usual 
machining manner. 

Referring to the sectional view, it will 
be noticed that a pin “L” has to be 
pushed down about %& in. in order to 
bring the shoulder of the piece to be 
milled onto the jaw surface. Therefore, 
when the operator releases the pressure 
on the foot pedal and the jaws open, 
spring “M” pushes up pin “L” against 
the end of the piece, which has been 
milled, and forces it out of the fixture 
jaw blocks. 

So, with this device it is only necessary 
to load the piece in the fixture for the 
milling operation. Unloading of the fin- 
ished piece is performed automatically; 
as a result, the machining cycle and 
manufacturing cost is reduced materially. 
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SECTION A-A 








The drawing shows the principal parts of the fixture and the shape of the part being 


mille 
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Materials 





Cutting Tool Materials. A comparison of 
the basic characteristics, properties and uses 
of high-speed steel, cast alloys, and carbides 
as cutting tools is presented in a 32-page, 
illustrated bulletin offered by Allegheny- 
Ludlum Steel Corp. (1) 


Stainless Steel Fasteners, Etc. Detailed tabu- 
lations of stock sizes, specifications, corro- 
sion resistance, etc., of a complete line of 
stainless steel fastening devices and other 
parts are offered by Allmetal Screw Products 
Co. in an 84-page, illustrated catalog, No. 
+4. (2) 


Aluminum Bronze Machine Tools. This 4- 
page, illustrated bulletin, No. 574A, lists a 
wide range of machine tools made of 
Ampco Metal, an aluminum bronze alloy, 
and includes typical applications. Ampco 
Metal, Inc. (3) 


Creep Stress Data. A new data card issued 
by Babcock & Wilcox Tube Co. graphically 
shows creep stress data for B & W Croloy 
214 and approximate comparison of creep 
strength data for the various resistant 
B & W Croloy steels. (4) 


Saturants for Wire Insulation. The forms, 
properties and uses of Zyrox Brand satur- 
ants for treating fibrous materials, used in 
insulating electrical wire and cables, are 
described and illustrated in a 16-page bulle- 
tin, No. W-9, issued by Bakelite Corp. 


&? 


Cellulosic Plastics. Complete data on a 
variety of Celanese cellulosic plastics, pro 
duced by Celanese Plastics Corp., are pre- 
sented in a 12-page, illustrated bulletin 

(6 


Brass Die Castings. Numerous case histories 
concerning the brass die castings produced 
by Doehler-Jarvis Corp. are presented in a 
4-page, illustrated bulletin. (7) 
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Spiral Cam Fasteners. “Fypical applications 
of a variety of spiral caniy fasteners for 
fastening hinged or removable parts are 
discussed in a 4-page, illugtrated bulletin, 
issued by Dzus Fastener Cq., Inc. (8) 


Protective Coating. Spray-Peet—a plastic 
strippable compound easily applied by Brush 
or spray for protection against moisture, 
abrasion, oils, acids, etc., is discussed by the 
Eronel Industries in their 2-page, illustrated 
bulletin. (9) 


Calculator for Tubing Stock. The Peter A. 
Frasse & Co., Inc. has just issued Data Chart 
No. 3 on how to calculate the proper size 
of seamless steel tubing stock that will 
finish to final dimensions with minimum 
of waste. (10) 


Aluminum Castings. Specifications, composi- 
tion and typical properties of a number of 
aluminum permanent mold and sand casting 
alloys are included in this 12-page, illus- 
trated bulletin offered by General Alumi- 
num Mfg. Co. (11) 


Protective Coating. This single sheet, No. 
5566, discusses Cocoon Black No. 9, a 
black, strippable coating rapidly applied 
by standard spray equipment that protects 
metal surfaces against corrosion in shipping 
or storage. R. M. Hollingshead Corp. (12) 


Castings. The extensive, modern facilities 
of Howard Foundry Co. for producing 
aluminum, magnesium, semi-steel, bronze 
and brass castings and patterns are profusely 
illustrated and described in an attractive, 
54-page catalog. Specifications, composi- 
tions and mechanical properties are in- 
cluded. (13) 


Bronze Bushings, Bearings, Etc. A complete 
stock list of bronze bushings, bearings, bars 
and babbitt is offered by Johnson Bronze 
Co. in an 80-page, illustrated catalog, No 
160. Specifications are included. (14) 
Powdered Metal Parts and Bearings. Spec- 
ifications and typical applications are in- 
cluded in this 44-page, illustrated bulletin 
concerning powdered metal parts and 
bearings produced by Keystone Carbon 
Co & 

Plastic Gears. Information on how to make 
gears with Lamicoid, a laminated phenolic 
plastic, that range in size from less than 
1 in. in pitch dia. to several feet, is pre 
sented in a booklet just published by Mica 
Insulator Co. (16) 


Miniature Ball Bearings. Five types of minia- 
ture ball bearings for precision instruments 
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mad 
and mechanisms are desorbed in a 4-py 
illustrated bulletin, No. Ab-1, offered 
Miniature Precision Beagings, Inc. §«. 
ifications and applications are included — 


Resin Coating. Technical | aspects, ap; 
tions and uses of Nukemite, an acid. 
alkali-proof resin coating produced 
Nukem Products Corp.j are discussed 


12-page, illustrated bulletin. 


Fibers, Mats and Cloths. This 
iItustrated bulletin /disgusses ‘the us 
Fiberglas thers, mats and cloths with pk 
tics im consumer~afhd industrial produc 
Owens-Corning Fiberglas Corp. 


Corrosion Resistant Coating. Iridite, a quid 
dip process for corrosion resistance a; ; 
paint base or final finish on all zinc o 
cadmium surfaces, is discussed in a 4-page, 
illustrated bulletin offered by Rheem Re. 
search Products, Inc. 


Metal Fabrication. The facilities of W. ‘ 
Rockwell Co. for fabricating all kinds 
sheet and plate in a variety of sheet meu 
products, welded assemblies, special m 
chines, etc., are discussed in a 4-page, i! 
trated bulletin, No. 427. 2 


Flexible Shafting. This 20-page, illustrat 
bulletin, just released by Walker-Turne 
Co., discusses the construction, characterisuc 
and application of flexible shafting designed 
to specifications for aircraft instruments, 
appliances, industrial machinery, and othe! 
special uses. (22 


Methods and 
Equipment 





Foundry Mechanized Equipment. 

range of mechanized equipment 
modern foundry designed to produce Det 
lower cost castings is described and illus 
trated in a 20-page bulletin, No. 07B607+": 
available from Allis-Chalmers Mfg. (0. 
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New Materials and Equipment 


Spinning Lathe Designed for Secondary Forming 


New second operation spinning lathes to 
bulge, neck, bead, wire, flange, curl, and 
trim a variety of drawn or spun shells have 
been introduced by E. W. Bliss Co., Detroit 

= 2. Not recommended as an alternative to 
® the toggle press for producing shells from 
flat disks, these lathes are primarily in- 
tended to supplement the latter machines 
by rapidly accomplishing secondary spin- 
ning operations on products previously 


= drawn in presses, and at a rate commensurate 


with the primary operation. 

A combination miultiple-disk friction 
clutch and brake is provided for stopping 
and starting, which, together with the fast 
acting tail-stock toggle clamp, permits rapid 
loading and unloading of the machine. The 
tail-stock’s offset adjustment allows use of 
inside form rolls to replace the more ex- 


ae 





2 neu line oT second operation 
lathes to supplement toggle presses. 


pensive and slower sectional chucks that 
are used for many necking operations. 

Lateral and longitudinal handwheel con- 
trol of the compound rest provides maxi- 
mum rigidity for the frictionless spinning 
and burnishing tools, and minimizes the 
manual dexterity necessary for consistent, 
long-run production. Other attachments in- 
clude a wiring rest, operated by a tilting 
lever, that can be pivoted to approach the 
work from any desired angle. Also available 
are a standard tilting rest for combination 
trimming and wiring, and a special trim- 
ming attachment for straight shells without 
flanges. 

The new lathes are offered in two sizes, 
with up to 30-in. swing and 92-in. bed- 
length. Headstock spindles run on Timken 
bearings at the following variable speeds: 
Model number 15 at 275, 365, 615 and 
1140 rpm.; model number 16 at 180, 370, 
675, and 1140 rpm. The lathes weigh 1500 
and 300 Ib., respectively. 


New Compounds Aid Forming 
and Welding Operations 


Two new processing compounds—one for 
welding operations, and the other a metal- 
working lubricant—are being marketed by 
G. W. Smith & 
Dayton 3, Ohio. 


Sons, 5400 Kemp Ra., 


The arc welding compound is an elec- 
trically conductive composition of inorganic 
minerals which supplements the fluxing 
action of the welding rod coating. It 
stabilizes and quiets the welding arc, pre- 
vents arc breakage, and is said to improve 
fusion and prevent scale on both sides of 
the weld bead. It also prevents adhesion of 
weld spatter to parts being welded. 

The compound, known as POM, contains 
no oils or other combustible ingredients and 
therefore causes no smoke, fumes, or 
odors under the heat of the welding arc. 
The compound is supplied as a paste which 
is thinned by the user with an equal part 
of water and is brushed or sprayed into the 
seam to be welded and on adjacent surfaces 
where spatter usually collects. After welding, 
the spatter and compound are wiped off 
with a dry cloth. It also contains a rust 
inhibitor so that it can be applied to the 
steel at any time before welding and will 
protect the parts from rust until they are 
fabricated. 

The metalworking lubricant, known as 
Die Slick No. 5, is for use in forming 
operations at high pressures and/or high 
temperatures. For use on ferrous or non- 
ferrous metals it has been found effective 
for such applications as hot drawing, hot 
piercing punches, hot forging, deep drawing, 
and for numerous other jobs to prevent 
scoring and sticking of metal being formed 

The lubricant will pressures 
of more than 100,000 psi. and can be used 
with temperatures up to 2300 F. The com- 
pound will not discolor the work pieces, is 
non-carbon-forming, and 
causes no objectionable smoke or gases. It 
contains no graphite. 


withstand 


noncorrosive, 





New Automatic Lathe Has 75-Hp. Spindle Drive Motor 


A new model automatic lathe has been 
added to their present line of lathes by the 
Sundstrand Machine Tool Co. of Rockford, 
Ill. The lathe is provided with a 75-hp. 
motor. It has a 17-in. swing over slides, 
will swing a 2l-in. dia. chuck. Machines 
can be furnished in three bed lengths of 
36, 60 or 84 in. between centers. 

The quick cycle changeover makes it 
possible to multiple tool this lathe for 
short runs as we!l as for production turning. 
It can be used for either shaft turning jobs 
or chucking work. The horsepower rating 
makes it practical to use multiple tooling 
and carbide cutting tools. 


Both the spindle and front carriage drive 
units are provided with two different driv- 
ing gear centers. In each case, this provides 
an increased range between high and low 
spindle speeds and high and low front 
carriage feeds. In addition, the number of 
speeds and feeds obtained from one set of 
gears are both doubled. 

Control of all cycles is provided by 
adjustment of dogs on a cycle control disk. 
Making cams for cycle control is thereby 
eliminated. Changing position of dogs on 
disk changes length of rapid approach, 
feed and rapid return strokes. This simpli- 
fies cycle setup. 


New model Sundstrand lathe can be used for either shaft turning jobs or chucking work 


Seamless Moly Tubing Commercially Available 


Seamless molybdenum tubing is being 
produced in commercial quantities for the 
first time, according to Callite Tungsten 
Corp., Union City, N. J. The tubing is 
available in sizes ranging from 0.040- to 
0.500-in. O.D. and in lengths up to 9 in 

This molybdenum tubing is _ readily 
machinable and can be worked and shaped 
within reasonable tolerances. It welds to 
iron, nickel and similar materials. The tub- 
ing is resistant to attack from hydrofluoric 
acid and hot aqueous solutions of sodium 
and potassium hydroxide. When sustained 
in a protective atmosphere, moly tubing 
will withstand high tensile stresses at ele- 
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vated temperatures 
The physical and mechanical properties 
of the seamless molybdenum tubing are as 
tollows: 
Purity pure molybdenum 
Specific gravity—10.2 
Melting point—4740 F 
Tensile strength—From 180,000 to 250.- 
000 psi., depending upon dia. 
Hardness—160-185 Bhn (10-mm. ball 
3,000-kg. load). 
Thermal expansion 
5.7) x 10°° per °C 
Thermal conductivity—1.46 w. per cm/°C 
at 20 C 


Q9 O°; 


25 to 500 C (4.7- 


Knee-Type Miller Desiongg 
for Small Parts Productigy 


For manufacturers of smal! par, .. 
for tool and die shops, Childs © Co >. 
16th St., Conneaut, Ohio, are & 
ing a knee-type milling machin 

The basic unit, 144% in. high, may, 
used for bench or table mode! Operating 
or when used with the pedestal bay : 
provides a floor-type milling machine Th 
capacity of the unit is indicated by the 
following feeds: longitudinal 6 in. trans 
verse 114 in., and vertical 4 in. Movemen 
of the table in transverse, longitudinal ao) 
vertical directions is held to 0.001 ip 
accuracy. ) 

A countershaft and jackshaft with V-hel 
pulleys provide nine changes of speed The 
countershaft assembly, which is availabl 
in the pedestal base, provides speeds frop 
280 rpm. to 11,150 rpm. . 

The spindle is driven by V-belts frog 
the countershaft. The overarm is solid te, 
tangular type sliding in scraped dovetails 
ways, clamped in place by two lockiy 
levers. Four adjustable dials are graduate: 
in 100 graduations, each graduation bein, 
0.001 in. All feed screws are of Am 


an Ulactyy. 


form thread 

A W4-hp. motor is generally re 
mended, but if only lighter cuts are t 
made, a ¥3- or even 14-hp. fractional mot 


may be used. The unit weighs 75 


@ A new cutting fluid claimed to be th 
only soluble cutting oil which combines 
together with all-water miscibility, the qua 
ities of high lubricating value, extreme 
stability, pleasant odor, and non-foaming 
and rust preventive characteristics, has beer 
announced by Gulf Od Corp., Pittsbur: 


Pyrometric Controller Uses 
New Electronic Circuit 


A new pyrometric controller, announce 
by the Taco West Corp., 2620 S. Park Ave 
Chicago, is a two-position electronic o- 
troller specially suited for direct installat 
on industrial furnaces and plastic molding 
machines. 

In operation, the control pointer 
at the desired temperature and control 
established within narrow  temperatur 
range. The design permits the instrument 
movement to operate a heavy duty rel 
system without any physical contact 
reaction effect on the indicating pointe! 
The relay is built in and has a |oa 
capacity of 3 kw. non-inductive. Th: 
tronic circuit requires no tuning or othe 
adjustments by the user at any time 

The electronic mechan 
stable and unaffected by line voltage 
tion, surge effects, tube aging or con 
changes. A pointer movement upo 
of 0.002-in. produces exacting relay 
tion. The measuring system is compe 
for cold junction deviation, movin: 
temperature coefficient, and magnetic 


contro! 
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Direct Reading Spectrometer 
uakes Analysis in 2 Minutes 















9 in Rapid and completely automatic analysis 
=e & various elements in a metal alloy is pos- 
AULacty ‘ile with the direct reading spectrometer 
qufactured by the Baird Associates, 33 
May by aiversity Rd., Cambridge, Mass. This is 
— complished by measuring electronically 
lee he intensity of spectrum lines. 
7 The new instrument eliminates necessity 
af Me of photographic and developing equipment 
Seal acountered in ordinary spectrographic tech- 
tHE ques. Only one technician is required to 
“« rate the instrument. The spectrometer 
den ” the measuring system are integrated into 
h VA ne compact unit. At one commercial alloy 
ed by plant using this instrument, samples are 
vailahs currently being run at a fate of 4000 per 
ic 7 month, representing approximately 20,000 
ee quantitative determinations. 
iS tron Individual spectrum lines necessary for 
Lid. re. enalysis can be isolated even in the complex 
vetaile ion spectrum, and their intensity measured 
lockins with electron multiplier photo-tubes. The 
eel output current of the tubes charges a 
ee fcapacitor, which at the proper time, dis- 
7s charges into a meter reading directly in 
- percentage concentration of the alloying 
a Band residual constituents. 
- The grating spectrometer is equipped 
: Swith electron multiplier photo-tubes allow- 
re ng the simultaneous determination of a 
{ ber of elements, using the internal 
standard method. Light intemsities are in- 
Sregrated over a sparking period of 20 to 
= 30 sec. by storing the photo-currents in 
§ suitable condensers, or “capacitors.” Analyti- 
be the cal results are obtained automatically in a 
thier 10-sec. recording interval immediately fol- 
qual. fae lowing the sparking period. 
treme “ 
aming 
sb 


@ The Indar Corp., 910 E. 23rd St., In- 
lianapolis, Ind., has announced a hydrogen- 
reduced molybdenum powder of high purity 
fine particle size. In addition to 
molybdenum powder, developments on 
tungsten carbide powder have resulted in a 
® product which is extremely low in free 
» carbon and has a small particle size. This 
Ave. powder is suited for the manufacture of 
® carbidic cutting tool materials and similar 

= applications. 
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“rf Polishing and Buffing Lathe 
Features Overhanging Base 


) ew model single-speed polishing 
10a no ‘ 

an ng lathe that has an overhanging 
Pict : 
| base provide liberal working space 
tne r 


he wheel has been announced by 
Machinery Builders, Inc., 1600 
Ave., Kalamazoo, 54, Mich. The 
accommodate either a 2- or 3-hp. 
is multi-V-belt driven from the 
iounted inside the base. 
pindle overhangs 8 in. Any single 
peed from 1200 to 3600 rpm. can 
&§ shed. The lathe is designed for 
small parts, color buffing, brush- 
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ing and light cut buffing and polishing. 
This model is furnished with magnetic 
motor control. Both ends of spindle are 


tapped for taper points. The standard arbor 
size is 1 or 14%4 in. The floor space required 
is 47 by 33 in. 





Drop Forging Hammer Eliminates Friction Lift 


A new gravity drop hammer that, unlike 
the conventional board drop hammer, em- 
ploys no boards or other form of friction 
lift, has been announced by Chambersburg 
Engineering Co., Chambersburg, Pa. Air 
or steam is used to raise the ram. A clamp 
holds ram and rod at the top of the stroke. 
The clamp is released by means of an air 
valve actuated by the operator's foot treadle. 

Because of its speed, the metal is forged 
at higher temperatures, and forgings are 
said to be matched through the use of 
parallel, integral guides, heavier frames, 
and a low center of gravity which insures 
against movement and vibration. 





There is no friction to adjust and the 
stroke can be changed by means of a rocker 
arm with adjustable dogs. There are no 
parts overhanging the operator and no 
front rod with heavy knock-off, release 
lever and dogs. The hammer is equipped 
with a simple rocker arm with light weight 
dogs adjustable with spring clips to holes 
in the rocker arm. 

The clamp cylinder is actuated by a 
pneumatic pilot valve on the operator's 
treadle. Feeding and working zone is clear 
and free due to the elimination of the front 
rod and its appurtenances. The manufacturer 
offers a range of sizes from 50 to 20,000 Ib. 


This drop hammer utilizes no boards or other form of friction lift. 
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Time lost in charging can be the deciding factor between 


profit and loss in your production system. 


Moore Rapid Lectromelt’s top charging feature cuts this 
dead time to a minimum—as little as four minutes from 
“power off” to ‘‘power on”. With Lectromelt you get 
more heats per working day, more tons per turn. More 


proof of Lectromelt melting economy. 


Write for details. 





ut DOWN YOUR DOWN TIiIMeE 
ge | ) 


PITTSBURGH LECTROMELT FURNACE CORP. 


PITTSBURGH 30, 


PENNA. 
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Drilling Machine Adaptable 
to Special Purposes 


A new automatic drilling machine, de- 
oned and built as a standard machine tool 
eecifically for special purpose adaptations, 
; been announced by the Robbins Engi- 
| ing CO., 318 Midland Ave., Detroit 3. 
Tooling heads are mounted on the 
chine saddle by means of standard lo- 
—- and hold-down holes. Any number 
of spindles may be included in the head 
nd all are driven by the machine spindle. 
When operations change, the head can 
.e removed and a new one mounted in its 















place. 


























































































With this flexible automatic drilling ma- 
chine, special purpose adaptations can be 







made. 
E » The ways, consisting of two alloy steel 
. S guide bars, are gripped in the saddle, mak- 


ing the saddle and bars an integral unit. 
The saddle is operated by a ram from the 
hydraulic unit mounted on the machine 
column above the saddle. Thus, the hydrau- 
lic pressure is directly over the work, elim- 
inating friction on the guide bars due to 
tool thrust and adding to the smooth 
operation of the machine. 

The guide bushings are located on the 
machine column so that as the saddle feeds 
into the work, it approaches the bushings. 
Thus, when the tools are cutting, the saddle 
is adjacent to the guide bushings and there- 
tore has maximum support. 

The hydraulic power for the drill is 
supplied from a self-contained unit mounted 
at the top of the machine column. The 
hydra ic pump, pump control mechanism, 
ou sump and hydraulic cylinder are en- 
closed. All connections are manifolded in- 
side 1 unit, 

' le variety of spindle speeds is 
Va by use of the change geats within 
t and also by changing the V-belt 
‘eys on the motor and spindle. The 
ope! cycle can be varied to provide 
proach, two adjustable rates of 
5 om vell and rapid return, and stop. 
lition to the center tooling saddle, 
. _ y units may be mounted around the 

base rizontally, vertically, or any angle 
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in between. By using such auxiliary units 
several operations can be performed at once 
and with one clamping of the work. 


Face Gage Inspects Threads 


A new gage for checking the relationships 
between the pitch diameter of a thread 
and the face of the part has been developed 
by Bryant Chucking Grinder Co., Spring- 
field, Vt. This mew squareness-of-face gage 
can be mounted on any Bryant thread gage. 
The face gage consists of a movable arm 
which carries a large dial indicator and 
two contact points which are adjustable to 
cover the capacity of the thread gage. 
The inner contact serves as a pilot and 
compensates for thread progression as the 
part is turned for inspection. The front 
contact actuates the dial indicator on the 
face gage. 

Operation of the gage is as follows: the 
control lever withdraws the thread seg- 
ments behind guides, the part is positioned 
and the three thread segments are engaged; 
the part is given one-third of a turn for all- 
over thread inspection, which is recorded 
visually on the thread gage dial indicator. 
The squareness-of-face gage is then swung 
into position and a half turn more checks 
the right angularity, which is recorded vis- 
ually on the other dial indicator. The con- 
trol lever is then actuated, allowing the 
part to be lifted from the gage, thus 


eliminating unscrewing the part off the 
thread segments. 

No “feel” is necessary for inspecting the 
threads or their squareness to the face 
g in, 


Various models cover capacities from 3 


to 8 in. internal. 





Unskilled operators can run this gage at 
high speed and with accuracy. 


Lathe Grinding Attachment for 
Precision External Grinding 


An electric grinding attachment for use 
on lathes and other machine tools has 
been developed by the South Bend Lathe 
Works, 326 E. Madison St., South Bend 
22, Ind. Designed primarily for precision 
external grinding, it is equipped with a 
4-in. by Y-in. grinding wheel which is 
driven by a constant speed continuous 
duty “4-hp. motor. This permits taking 
heavier sustained cuts than would be prac- 
tical with a universal type motor of the 
same rated horse power. This grinding 
attachment can be adapted to most makes 
of lathes, milling machines, shapers, planers, 
etc. 

The grinding wheel spindle runs on pre- 
lubricated sealed ball bearings. Tension 


adjustment is provided for the V-belt which 
connects the motor with the grinding wheel 





The ball bearings in this grinding attach- 
ment are sealed and protected from abraswe 
grinding wheel dust. 


spindle. Both the grinding wheel and the 
V-belt are enclosed in a single guard. 
Spring stops for grinding straight and 
spiral fluted reamers and cutters, diamond 
dressers for truing the grinding wheel, and 
holding fixtures for the dressers can be 
furnished for use with this grinding at- 
tachment. Grinding wheels are available 
in several grades for grinding various ma- 
terials, including tungsten carbide, tool 
steel, machine steel, cast iron, brass or 
bronze, aluminum, Bakelite, hard rubber, 
and soft rubber. Special cup wheels are sup- 
plied for reamer and cutter grinding. 


@ A complete line of open-back inclin- 
able punch presses is now in production at 
the Vernon Press Div., Ran Corp., Rich- 
mond, Calif. Features of the Vernon press 
include a rigid one-piece frame of excep- 
tionally heavy section to assure protection 
against distortion from overloads. Accu- 
rately-machined gibs are extra long to pro- 
vide lasting accuracy; the entire press is 
designed for precision, heavy-duty service 
and long operating life with minimum 
maintenance expense. 
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the contact pyrometer for quick, 
accurate surface temperatures 


Designed to meet foundry and industrial plant needs, this all- 
purpose surface temperature pyrometer provides readings in a 
few seconds of molten metals, liquids, bulk materials, and flat 
or curved, stationary or moving surfaces. The rugged, shock- 
resisting pyrometer movement may be used with any of eight 
standard thermocouples, interchangeable without adjustment 
or re-calibration. Choice of rigid or flexible arms. Built in 
several standard scale ranges, 0-300 to 0-1200 F. Write for bulle- 


tin with complete description. 


ILLINOIS TESTING LABORATORIES, INC. 


420 N. LA SALLE STREET « CHICAGO 10, ILLINOIS 








New Finishes and Coating 
Introduced for Many Uses 


Protective coatings and finishes 4, 
stantly being introduced to improve 
appearance and corrosion resistance of . 
products. Some of those recently anno. 
are described below. , 


Anti-Rust Compounds 


Two new anti-rust products annoy, 
by the Yosemite Chemical Co., 104) y, 
posa St., San Francisco, are applicable, 
iron, steel or nonferrous metals. The bt 
ucts, both liquids, are known as Y.; , 
Y-600. 

Y-3 rust remover is a Clear, nog 
fluid that may be applied by sponging , 
ping or brushing. It removes rust o 
from ferrous or nonferrous metals jp {, 
3 to 15 min. At the end of this pe 
rust may generally be wiped off with 4 dy. 
cloth. Abrasives are not necessary eXCED| 
the case of deep rust-pitting. Depending, 
time allowed to stand, the compound y 
leave a clear, invisible film, or a dy 
more porous film. 

When applied before priming and puig 
ing, tests have shown that painted p 
surfaces last 30% to 60% longer, uns 
adverse weather conditions. The compoy 
also contains an anti-rust or anti-stain age 
which prevents rusting for periods wy 
10 days. In this short-term anti-rust capa 
it is valuable to sandblasters. 

For maximum rust prevention, Yj 
rust preventive may be used. This fu 
can be sprayed, dipped, painted or spon 
onto metal surfaces—dry or wet. It dr 
within 6 hr. The resulting film is el 
and uniform, and prevents rust around de 
nicks or scratches in the treated suri 

This compound is equally effective fg 
preventing corrosion and stain on nonfern 
metals. It halts tarnish on polished copy 
bronze, brass, Monel or chromium pla 
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surfaces. It forms a hard, heat-resisting is 


which is all but invisible on engine-pir 
fittings or other machine gear. 


Oxidized Finish 
A new material for producing a bia 


2 


to-gray oxidized or “antiqued” finish ay 
sterling and silver-plated products is bei 


produced by the Hanson-Van W inkle-Mu 
ning Co., Matawan, N. J. No electric « 
rent is required. The work is immersed ! 


the solution, known as Platin-Nig. 1 


parts are then high-lighted for light-am 
shadow relief. 


The stock solution is diluted with 
tilled water to produce solutions that iq 
in density between 3 deg. and 7 (my 
Bé, depending upon the depth of color “i 
sired. Flatware is heated to a point whert iq 
can just be handled without discomfort oy 


brushed with the solution until the desi] 


color is obtained. 


Anti-Corrosive Process 


An anti-corrosive process which is 
to afford 20 years protection to ferf0t 
metals against all common corrosive fot 
has been developed by Industrial Me 
Protectwes, Inc., Dayton, Ohio. Know! * 





Zincilate, it has been used successfully ° 


pipelines, on the interiors and extefii'}y 


of water and gasoline tanks and bridg 
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ne parts. 


. A provided is unaffected 
or oO -. exposure in standard salt 
" corrosion equipment, as approved by 
P\STM. It is @ Ome coat protective 
‘ing and possesses good abrasion resist- 


When sizable areas are destroyed by 
ping of wear, protection is 


ysual scra : . 
ch cathodic sacrifice of the 
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minum Finish Enamel 

A new line of enamels that bake or air 
- to a finish closely resembling brilliant 
‘ ‘qum have been developed by the 
4; & Waldstein Co., Newark, N. J. 
own as Britelume, these enamels can be 
.{ on most metals to produce a finish 
u's attractive to the eye and also resistant 
heat and chemicals. 


st-Resistant Paint 


Protection against corrosion and scale 
high temperatures is the chief advantage 
a new heat-proof paint introduced by 
abal Co., 607 N. Western Ave., Chicago 
Jt is a functional paint and will pre- 
nt hot metals from corroding and scaling 
temperatures as high as 1850 F. It pro- 
les protection to metals in all weather 
naitions. 

The hot metal can be subjected to sudden 
nperature changes such as quenching 
bmediately in cold water without cracking 
peeling of the paint, since the paint 

Millows the contractions and expansions 
the metal at all temperatures. 

Some of its uses include smoke stacks, 
nealing boxes, exhaust manifolds, furnace 
pes, mufflers on trucks and tractors, etc. 
e paint is applied while the parts are 
d. It dries in about 20 min. and can be 
bjected to hot temperatures immediately 
ef drying. 
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) Electric Handgrinder Can Be 
j Converted to Flexible Shaft Tool 


s A new electric grinder for use either as 
me Staight handgrinder or with an attach- 
: rat which converts it to a flexible-shaft 


| has been developed by the Dumore Co., 
cine, Wis. The flexible-shaft conversion- 
machment includes a bail or hanger, in 
ich the grinder is clamped, a 36-in. 
Bxible shaft which chucks into the grinder, 
Mid a ce of three different handpieces. 


- | eces are designed to provide a 


ording to the requirements of 
pe done. 
Op. Motor equipped with sleeve 
pplies the power for this hand- 
ick has 4-in. capacity, and can 
to 3/32-in. and Y%-in. shank 
collet sleeves provided. It is 
Apt ) a variety of jobs in wood, 
plastics—sanding, sharpening, 
sawing, drilling, and polishing. 


He: . 
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Compact installation of Kinney Compound High Vacuum 
Pumps used to back diffusion pumps in the manufacture of 
ultra high frequency tubes at Raytheon Mfg. Co., Waltham, 
Mass. 


IN A SMALL SPACE 


The compact design of Kinney High Vacuum Pumps enables 
them to be grouped closely with auxiliary equipment . 
shortens pipe lines . . . saves valuable floor space. Kinney 

umps are self-contained units, easily installed. Having auto- 
matic lubrication and oil sealing, they produce high vacuums 
indefinitely with minimum attention. 


The faster pump down and lower ultimate pressures of Kinney 
High Vacuum Pumps shorten production time and cut costs in 
vacuum processing—exhausting lamps and tubes, sintering alloy 
metals, coating Tisies: producing drugs, etc. Kinney Single 
Stage Vacuum Pumps produce low absolute pressures to 10 
microns; Compound a= to 0.5 micron. 


Write for Bulletin V-45. 


KINNEY MANUFACTURING COMPANY 


3523 Washington Street Boston 30, Mass. 


New York «* Chicago °¢ Philadelphia +* Los Angeles + San Francisco 


FOREIGN REPRESENTATIVES 


General Engineering Co. (Radcliffe) Ltd., Station Works, Bury Road, Radcliffe, 


Lancashire, England 
Horrocks, Roxburgh Pty. 
W. S. Thomas & Taylor Pty., Ltd., Johannesburg, Union of South Africa 


KINNEY 025i 


Ltd., Melbourne, C. I. Australia 





1 Cylinder of Ammonia When Dissociated 
Equals 34 Cylinders of Hydrogen! 


Hydrogen may be replaced by dissociated ammonia for many 
metal treating applications with cost savings as great as 60% for 
some users. Because one cylinder of ammonia when dissociated 
supplies as much gas as approximately 34 cylinders of hydrogen, 
the cylinder handling and storage problem is greatly reduced. 
Dissociated ammonia as a source of hydrogen has these addi- 
tional advantages: (1) Lower moisture content results in brighter 
work; (2) Lower pressure simplifies control and decreases hazard. 
You, too, can cut your hydrogen costs. The coupon below will 
enable Armour’s Technical Service Department to help you 
estimate the savings possible for your plant —to advise you 
on details of ammonia dissociating equipment and installation. 


ARMOUR Gaon WORKS 


Division of Armour and Company 
1355 West 31st Street *¢ Chicago 9, Illinois 
120 Broadway, New York 5, N.Y. 


Mail this coupon today! 


Armour Ammonia Works, Armour and Company 
1355 West 31st Street + Chicago 9, Illinois 


Please send me details on dissociated ammonia as a source of hydrogen. 
Vame . 

kirm 

{ddress 

Caty.... ate ol ... Zone . State 

Average Wkly. H,. Rey. 

Max. Hrly. H, Req. . 
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New Small Electric Furnaces 
Have Automatic Heat Contro) 


New models of small elec 
have been introduced recent 
manufacturers. A new model, develop 
from one of the company’s previous ce 
and featuring a new type of stepless bes 
control, has been announced by the 
Thermo Electric Manufacturing Co, 1) 
buque, lowa. 7 

With this model the furnace temperany, 
can be raised or lowered by moving a ¢p, 
trol knob to right or left. Temperaturs 
between 500 and 1850 F can he selected 
and automatically maintained. This cont 
is said to have an advantage over ty 
synchronous motor-driven type of inpu 
controller in that it is nearly 100% com, 
pensating for normal fluctuations in |is. 
voltage, and is available for use on ditey 
current as well as alternating current 9 
any cycle. 

The inside dimensions of the furna 
are: 4 in. wide, 3-34 in. high and 3-% jy 
deep. It is equipped with an_ indicatig 
pyrometer calibrated in both Fahrenheit an; 
Centigrade scales. The heating element 
coiled from heavy gage alloy, and is ep. 
bedded in the sides, top and bottom of th 
heating chamber to provide both greate 
protection for the heating element ani 
more uniform distribution of heat. The bod; 
and door are one-piece aluminum casting 
the unit weighs 154 lb. 

A new medium-size laboratory furnac: 
with built-in automatic temperature con 
trols, has been developed by K. H. Hupper 
Co., 6830 Cottage Grove Ave., Chicago 37 
With over-all dimensions of 19 in. by 20 
in. by 2114 in., the furnace maintains any 


furnace 


& ee ee) a 


a . > ; Lj , 

This K. H. Huppert furnace, appiscabte 

laboratory and small production work, 
built-in automatic controls 


temperature automatically between 250 an¢ 
1900 F, and reaches a maximum of -V 
deg. 

The heating unit consumes 2,000 
110 v. (ac. only), and is consti 
heavy gage special alloy wire. The 
itself is made of heavy gage ste 
multi-layered insulation, and finis 
baked black wrinkle enamel. Inside 
sions are 6 in. by 6 in. by 6 in., 
34-in. throat additional. The 
furnace, including automatic heat « 
weighs 148 Ib. 


MATERIALS & METHODS 
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Qual Purpose Machine 
crinds and Finishes Tools 


ition chip breaker grinder and 


Bee shing grinder that can handle 
oud ypes of box and single point tools has 
- , announced by Hammond Machiner) 
aiden Inc. Kalamazoo 54, Mich. It 
% wides ip breaker grinding on the one 
ve and ‘amond wheel finishing on the 
rher. 

“On the chip breaker side are the neces- 


movements and angular settings re- 


ri 
Saly 





Chip breaker grinding and finishing can be 
pertormed on this dual purpose grinder. 


quired for chip breaker grinding. The move- 
ments are: vertical with handwheel and dial 
rated to 0.001 in.; traverse in and out 

m wheel with handwheel and dial cali- 

rated to 0.001 in. and reciprocation unde 
neath wheel with a lever operated table 
\ vise provides all the necessary angular 
settings with four swivels, each of which is 
graduated in degrees. 

The cup wheel side accommodates either 
6- or 7-in. dia. cup wheels and has a tilting 
table assembly. The table tilts to any point 
between 25 deg. above to 30 deg. below 
horizontal. It is moved in and out from 
the wheel by a feed screw. The table di- 
mensions are 8 by 14 in 

i drip feed tank supplies the two wheels 

7 use of a tube for the cup wheel and a 
wick for the straight wheel. The spindle is 
iriven by a V-belt from a 4-hp. motor in 

Spindle speed is 3150 rpm 


LJ new series of gas-fired crucibdie 
melting brass, bronze, alumi 

ther alloys are being offered by 

uel Engineering Co., Rockford, Ill 


Bb series stationary furnace is de- 


heavy foundry production; the 


ries is planned for similar pur 
t incorporates the “HE” entrain 
irner, which accurately maintains 
nt aif-gas ratio over an extremely 
rn-down range. 
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ENGELHARD 
INDICATING PYROMETERS 


Despite severe operating conditions, the Engelhard Switch- 
board model (above) responds with delicate sensitiveness 
to variations of 55/1,000,000 of one volt in order to show 
temperature changes of 10° F! Accuracy is assured by a 
high resistance per millivolt that is unaffected by the 
length of connecting leads or by thermocouples of different 
resistances. In addition, a sturdy case and heavy inner 
construction provide permanent efficiency for unusually 


difficult services. 


Readings by direct deflection are made simply and 
instantaneously in either millivolts or temperatures. This 
model can be calibrated with two ranges for one type of 
thermocouple, or for two types of thermocouples in any 
combination desired. It is provided with a zero adjustment 


device to allow setting for ambient temperature variations. 


Write for our complete bulletin today! 


CHARLES ENGELHARD, INCORPORATED 


90 CHESTNUT ST., NEWARK, NEW JERSEY 














OFCOSTLY SHUT DOWNS 


with TH ERMALLOY 
SAVY DULY 














Notice the simplified construc- 
tion of three part (patented) PIN 
LOCK CHAIN and compare with the 
chain you are using. Notice too ab- 
sence of rivets and cotters—simplified 


assembly. Little slack required for 








assembly. 


This chain design permits full utilization 
of THERMALLOY high physical proper- 
ties. Optimum strength and ductility at 
high temperatures are the result of 
extensive research and close metallur- 


gical production control. 


MUFFLES—RETORTS—POTS 
FLEX BOXES—BASKETS—TRAYS 














AND FURNACE PARTS 
AMSCO ALLOY ... THERMALLOY 


ere identical 


Shoe ELECTRO-ALLOYS DIVISION 
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Indexing Table Developed 
for Heavy Workpieces 


An indexing table, designed 


New 
Belo 


ecentl 


'O SUppon 


heavy workpieces without deflection vari¢ 
being manufactured by the K akg, A lt 
Machine Corp., Kaukauna, Wis. |; 7 ull ra 
originally developed for use with ; nnout 

0) Ea 


series 125 portable horizontal drilling , 
tapping machines, but is adaptable bed 
with many other types of machine tools, 
is also suited for inspection or layout Work 

The main bed is of heavy ribbed ag 
iron construction, with T-slots, Provided jg 
the top and at each end for clamping Dur 
poses. Thus, work can be held in either th 
horizontal or vertical plane. It is also 
sible to make a set-up on one end of the 
table while work is being completed t 
the other end. 

A 36-in. dia. indexing platen, many,\h 
operated and which can be locked in ay 
position, is in the center of the main be 
supported by a ball thrust bearing 4 
hardened steel plunger and hardened steq 
bushings assure positive indexing position; 


jectfo 
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applic 
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new . 
W ests 
sPittsb 
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;MO 

This heavy-duty indexing table can } ne 
adapted to inspection and layout work : ry. 
Bali D 

4 he 

T-slots in the platen are provided { spec 
workpiece clamping, and two adjustable ng 
shoes clamp the platen firmly in position A 
The overall dimensions of the indexing Hi} been 
table are 72 in. long by 3644 in. wide, ani Amy 


standing at a height of 29 in. a trod 
BS. 3 
trod 
2 ‘smi 
ie Spat 
Be tive 
q for 
B lari 

T 
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Rubber Insulated Grids 
Protect Plating Tanks 


Rubber linings of plating and pickling 
tanks can be protected with new seamless 
rubber covered mesh grids offered } 
Automotive Rubber Co., Inc., 8619 Epwortl 
Blvd., Detroit 4. Tank linings and agitatio 
coils are protected by these rubber insulate 
grids against damage by heavy or shat) 
parts which may be dropped in the tank, 
or by contact from baskets and hanalit} 
equipment. The seamless rubber ting 
also prevents contamination of the piatif} 
solution that results from corrosion of & 
posed metal equipment. qu 

These new grids are constructed of & 
panded metal reinforced with anglk 
and supported on heavy channel iron. Lit By 
ing eyes are provided for easy removal © By 
clean tank and for retrieving fallen parts yy an 


Dro 


me and 











MATERIALS & METHOD: Ba 






new Welding Electrodes Announced 


brief descriptions of some 








— announced welding electrodes for 
‘Pon we ‘ety applications. 
a, iy ro stainless steel electrodes in a 
Raun, ( grades and diameters has been 


| range ' 
anounced by Air Reduction Sales Co., 


) Fast (2nd St, New York 1. The 
iectrodes have an extruded lime type 
oating for d.c. application. In addition, all 
ut the straight chrome analyses are obtain- 
ble with a lime-titania type coating which 
s usable on a.c. OF d.c. 

Using these electrodes on a.c. is said to 
Jiminate atc blow and result in easier 
pulation, more uniform arc action, and 









ols, I 
Work 
| cg 
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a hetter appearance of deposit. This class of 
te jectrodes can be recommended for all 
cd a 





bpplications on which the lime type of 
jectrode is used, with the exception of 
ighly restrained joints on heavy sections 
sr on steels of high hardenability. 
For welding of mild steel in all positions 
bnd with alternating-current or either po- 
arity direct-current, straight preferred, the 
new SW-2 electrode is announced by the 
Westinghouse Electric Corp., P. O. Box 868, 
SPirsburgh 30. The electrode is available in 
four diameters from 3/16 to 5/16 in. 
Welds made with this electrode meet the 
requirements of AWS-ASTM specifications 
for classifications E-6012 and E-6013; they 
Bare said to have desirable characteristics in 
respect to flat contours, side wall washup, 
freedom from urdercutting, and ease of slag 





ually 
1 any 
. A 

Steel 
UiOns 














i removal 
For direct-current reverse polarity welding 
only of low alloy cast steel or low alloy high 
tensile strength rolled steels in all positions, 
Westinghouse has announced their new AP- 
'MO electrode, available in three diameters 
fom Ye to 3/16 in. This electrode is 
designed for making butt and fillet welds in 
all positions, and welds made with it meet 
Bthe requirements of AWS-ASTM tentative 
specifications for Iron and Steel Arc Weld- 
able Hing Electrodes Classification E-7010. 
1 i A new shielded-arc coating has recently 
cing He been developed for the five grades of 
= Ampco-Trode “AC” aluminum bronze elec- 
m ‘rodes produced by Ampco Metal, Inc., 1745 
mS. 38th St., Milwaukee 4, Minn. The elec- 
@ trodes are said to strike easily and do not 
“snuff-out” on alternating current welding. 
® Spatter loss has been reduced and manipula- 
™ ‘ve characteristics have also been improved 
i tor welding with reverse (positive) po- 
= ‘arity, direct current. 
) These electrodes can be used in welding 
m cast irons, malleable irons, aluminum 
= >ronzes, silicon bronzes, some nickel alloys, 


a hi and dissimilar metals with alternating cur- 
A ment transformers having a 75-85 open 
" BB circuit voltage and direct current generators. 


m A new line of mild steel and low alloy- 
00 Be high tensile steel electrodes, known as Weld- 
ted i Arc, has been introduced by Alloy Rods Co., 
e York, Pa. The electrodes are manufactured 
i He 2 ten types; six for mild steel and four 


alloy-high tensile. Some of the 


iva s claimed for these electrodes in- 

. Ls sy slag removal, low spatter loss, 
. 4 nigi sical properties, correct penetration, 
Be qui action, no porosity, no underbead 

P i <2 excellent appearance, and correct 


— tte Welding Alloys Co., Inc., 96 
0 Bim West Post Rd., White Plains, N. Y., has 


me ann ‘d the availability of a new brazing 
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Barrett standards of consistent purity, uniform dryness, speedy 


deliveries and dependable service make Barrett Anhydrous Am- 
monia your best source of NHs3. 


Barrett Anhydrous Ammonia is available in two grades: 
REFRIGERATION GRADE, guaranteed minimum 99.95% NH3; and 
COMMERCIAL GRADE, guaranteed minimum 99.5% NH3. Both 
grades are shipped in tank cars with a capacity of approximately 
26 tons of NH3. REFRIGERATION GRADE only is also packaged in 
25, 50, 100 and 150-pound standard-type cylinders and in 100 
and 150-pound bottle-type cylinders. 


Barrett Anhydrous Ammonia must pass rigid tests for mois- 
ture, non-condensable gases and other impurities, before release 
for shipment. Cylinders and tank cars are thoroughly cleaned 
and inspected, upon return to the plant, before reloading. 


Barrett Anhydrous Ammonia is stocked in cylinders at points 
conveniently located from coast to coast. The advice and help of 
Barrett technical service men are available to you for the asking. 


This interesting and helpful booklet is packed with 
useful information on Anhydrous Ammonia. You 
can obtain a copy without charge or obligation, by 
requesting it from the address below. 











THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6, N. Y. 


rod for sheet aluminum. The + 4 ;, , 
for use on very thin sections of oa 
It melts at a temperature wel! dow 
melting point of sheet aluminu 

This rod has been especially 


| for repairing aluminum coach bo 





































level ne’ 
EVelone A 


°s, Many. speci 


| facturing furniture and .cookin Utens punced 
and for other applications whe: jt, lo 234c 
melting temperature and economy jp 4imed 
are essential factors. It produces OttOsiog hsence 
resistant welds with a tensile strength ‘ eg be 
30,000 psi. This new rod is knows . ecmitt 
All-State No. 31 sheet aluminum brazins puch | 
rod. " ble. E 

appr 


e ret 
e ent 


New Process Reclaims lized 


The 


Metals from Solution salt 


d etal f 
A new process especially for reclaimigy Mod 


silver from exhausted photo hypos, by w i 

which may also -have application in «. irish 

@ VARIABLE STOCK claiming other valuable metals from sly. ad ¥ 

LENGTHS tions, has been patented by Gopher Lahy. nclose 
atory, 19 Washington Ave., North, Mino. " 

from 6" to 72°’ . » Saino ts 


eapolis 1, Minn. aiech 
The principle of this new unit cons 


@ VARIABLE STOCK Automatic R ° , in pumping the liquid through a filter « 
WEIGHTS from 1 Ib. tridge which collects the metal as the liqui 
to 102 Ibs. each passes through. The filter cartridge is 3); 

DRAW FURNACE in. in dia. and 34 in. long. This is co 


nected to a pump, and the other end of th 
at sim eae a G me ; | — unit immersed in the liquid. i & 
from 600° F. to reater production .. . lower fuel costs In the case of photographic fixing 

1200° F. ... maximum flexibility in rate of heating lutions, using a mechanical pump, about ’ 
and length of soaking time—get a// min. is required to — 50 gal. of hyp From 
; : . Recovery is said to be practically 100 8 onde 
these in the Hagan Automatic Recircu- ; , - 
lating Draw Furnace. 


@ PRODUCTION — This multi-zone furnace has separate ten 


6400 Ibs. per hr. heaters, fans and controls for each zone. Attachment Converts Lathe 
Automatic temperature control, mechan- to Milling Machine Romp 


@ FUEL COST— ized conveyor and Hagan forced con- 
24¢ per ton vection heating all assure a uniform A new dev elopment in q uick chang 


lathe tools is the milling attachment offered 
product through a wide range of part by Kyle-Johnson Machine Co., 1627 Wes 


sizes and weights. Pico Blvd., Los Angeles 15, Calif. The ne 
Check with Hagan for proved furnace milling device can be mounted on a 


we engine lathe, enabling the operator to p< 
dependability and economy. form any light milling job, such as mill 


keyways, flats and small shafts. It can als 
be used as a drilling vice. 


@ HEATING TIME from 
20 min. te 120 min. 
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This milling attachment can be usé 
lathe for simple milling work, rath 


GEORGE J. HAGAN COMPANY setting up another machine. ae 
PITTSBURGH, PA. The milling attachment is graduate¢ we 


thousands and has a vertical travel of © ' up 
The jaw opening is 27% in. The attacimeo! 
is flexible enough to permit angle milling: 
and may be tilted as desired by the operato!. By “° 


Detroit ... los Angeles ... Chicago ... San Francisco 


MATERIALS & METHODS 













React) Grinder Features 
Small Diameter Motor 





BRIGHT COPPER 










































of bench grinder, featuring | 





oped phew st neter motor, has been an- oe baile lela at 
o io by Bardco Mfg. & Sales Co., 2450 
7 r3rd St, Los Angeles. An advantage 
imed for this new design is the complete | 
nial ence of any projection in the working | 
th ‘ eg between the two grinding wheels, 
ms -mitting the use of the grinding wheel 
ain buch longer than has previously been pos- | 
| ble. Because the diameter of the motor 

approximately equal to the diameter of 

e retaining rings of the grinding wheel, 

» entire grit portion of the wheel can be | 

rilized 

The grinder base and motor housing are 

« aluminum, designed to shed dust and 

tal particles. Grinder speed is 3600 rpm. | 
Ming Models with 7-, 8- or 10-in. wheels are | 
but »w in production. Standard equipment | 
te. ished includes: two high-speed organic- | 


“ ood wheels, one Coarse, one medium; two | 15 UB DER MND 


adosed wheel guards with adjustable tool 
| mew 










finn. ss and spark shields; built-in toggle 
i +s BURNISHING COMPOUND or prounds 
; THE METAL CLAM & Feasting ore 
* 
Ry: - ANODEX ty 
£ Ae “Ya, re, 
e.. > NEe 
The J. W. Kelley Co., 1044 Society Aaa UROne, “te, 
Savings Bldg., Cleveland, Ohio have + SOL 
Beveloped in their new drawing compound ‘a METEX TRAR.¢ 
fm non-pigmented lubricant readily removed arf 
yp from any work piece to be enameled or 


bonderized, regardless of time elapsed be- 
ween die work and finishing. It is applied 
by brush or dip, may be cut to proper con- 
istency with water, and contains no mineral 
ils. A mild alkali cleaner, emulsified sol- 
Byent or degreaser completely removes the 
compound 





YOUR METAL FINISHING FOREMEN 
NEED THESE FOLDERS. WRITE TODAY 
TO DEPT. M. 


; r ad oa - 


_ : SEND THIS 
; Printing Machine Marks MAC DERMID INCORPORATED specializes COUPON 
Steel Forms Continuously in formulating efficient and faster acting TODAY 
; oa compounds to speed up production and in- 
A new marking device for printing crease profits. The folder on 


scontinuous or spaced impressions on tool 
steel, sheet steel or steel tube has been 
mceveloped by Jas. H. Matthews & Co., 3909 


MAC DERMID Bright Copper 
Plating Process outlines fully the 


= 
# 
a 
& 


Bforbes St., Pittsburgh 13, applicable for standard formula . . . operating sai minetianee eteeanalierh ital 

marking of manufacturer’s name, trade- conditions... type anodes used & eer ae ere 

pmark, grade or specifications over entire . + » equipment required. & Waterbury 88, Connecticut 

@ lengths. ’ 

§ The unit consists of a cast aluminum MAC DERMID age ogge B Gentlemen: 
p‘tame with detachable cast handles which New Compoun s rolder Ge- § Please send me Folder on Bright 

m may be removed if the unit is to be mounted scribes in detail Metex K15 and ‘ sar a ee tags! eg 

'" 2 xed position. Sets of adjustable rolls the many other outstanding com- Pore eet dimen a 

pSuide the unit during the marking oper- pounds that work with efficiency © oN 

pation F terchangeable segment shaped rub- | ... economy... speed — the a Name Title 

4 weg and a = ae? —_ and a vital requirements in these days g Firm Name 

the Specia 1éV > y ie 

RR Reo covncgellmenliaer ye Gage ta Cie of keen competition City State 

® °' ‘ype in any quarter section of the printing * 


© whee 





stable blade in the ink fountain 

distribution of ink over the 
face of the printing roll. The 
iachine will print all sizes of flat 
bars from 4-in. sq. or %4-dia. 
uP, 1 or sheets 4-in. wide and up. 
par machines are designed for round 
flats or squares, and for sheets 


mac DERMID 


* On CO porated, * 


WATERBURY 88, CONNECTICUT 
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A 2000 pound Pressure-Tight 
High Alloy Casting Assembly 


Statically Cast 


Return Bends - 7 oonun 


\8 aac 
gore Centrifugally 
Cast Tubes 


This is the "coil" of a special heat 
exchanger alloyed and cast for a 
large company in the Rocky Moun- 
tain area. It's an excellent example 
of the kind of work our metallurg- 
ists and foundrymen are capable 
of turning out. 


Backed by 25 years’ experience with high alloy 
static castings and 16 years with centrifugal cast- 
ings, we are in a position to produce any chrome- 
iron or chrome-nickel casting within the range of 
our electric furnace capacity—namely, about 4 tons 
for any one pour. We have an X-ray testing ma- 
chine. We can finish the casting to any degree 
desired. 


Write us about your problem. Send us drawings 
for a quotation. 


UY company 




















Attachment Controls Vibration 
in Processing Equipment 


A simplified steel spring 
lating unit, designed in 26 sj. 
loads of 75 to 12,000 Ib., bh 
nounced by the Korfund Co. 
32nd Place, Long Island Cir l Ny 
Adjustable resilient chocks in ¢!| four ¢ 
ners of the housing act as stabilizers 


ATION jen, 
tor rated 
been an. 
M., 48. 


This vibration controller is designed jn 4 
sizes for use on a variety of industry; 
equipment 


Properly installed and adjusted, it | 
vides efficient vibration control for all ji 
pact machinery, generators, material testin; 
and processing equipment, ventilatin 
air conditioning equipment, recording 
paratus, business machines, and other indy: 
trial equipment 


Positioner Developed 
for Automatic Welding 


A new positioner for users of auto! 
sheilded metallic arc welding has be 
announced by Mark F. Gouran, Welding 
Engineer, 7426 Devon St., Mt. Airy, Ph 
delphia. 

This fixture is made up of an automat 
shielded arc welding head, traveling on é 
beam that encompasses a vertical zone 0! 
8 ft., with the assembly rotating arounc 4 
fixed axis to a maximum radius of 20 ft 
It is manufactured in three standard sizes 
providing a 10-, 15- and 20-ft. horizonta 
arc travel. 

The traveling asembly is the “Lincoln: 
weld” head and carriage manufactured >} 
the Lincoln Electric Co., Cleveland. The 
head travels on the beam to lengths, statt 
above, while the vertical operation of th 
head, powered by a motor-driven adjust 
ment on the beam, covers an operating z00 
from the floor upwards to a height of 5 " 

The vertical adjustment of the | 
be made at a rate of 36 in. per n 
permits inching the beam up ort 
obtain the exact height for any pa! 
welding operation. The beam, in 
zontal applications, may be swung 
360 deg. about its axis, varying 
according to the length of the bea 
Positions” of larger capacities are 
and constructed on custom-built jo 
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eeneral Purpose Arc Welder 
Desioned for Small Shops 


purpose transformer arc welder, 


eal use on single-phase power 
i nes of limited capacity, is available from 
vesting! use Electric Corp., P. O. Box 868, 
pittsburgh 5; in three output ratings—130, 
60, and 180 amp. The three available 


models come complete with line breaker, 
power cable with plug and receptacle, in- 
sulated electrode holder, electrode lead with 
holder and adjustment plug, work lead with 
ground clamp and adjustment plug, elec- 
odes, helmet, wire brush, and a welding 
instruction manual. 

The welders have 20 steps of current 
adjustment between 20 amp. and the rated 
maximum. They provide two striking vol- 
rages: 65 volts for small electrodes on the 
lower half of the range; 50 volts for larger 
electrodes on the upper half of the range. 
There are Deion circuit breakers to control 
the flow of current to the welder and to give 
over-load and short-circuit protection. 

Class B insulation is used throughout. 
Design provides adequate natural ventila- 
rion. No moving parts, which means a 
minimum of maintenance. 


@ A mechanism to reverse the polarity and 
to control a selected time cycle between the 
positive and negative plating times is an- 
nounced by the George L. Nankervis Co.. 
5442 Second Blvd., Detroit 2, Mich. The 
unit consists of a moisture proof cabinet, in 
which are mounted various instruments such 
as complete timer controls, relays, dis- 
charge resistors, pilot lights, etc., to control 
the output polarity of electroplating motor 
generator sets 


Spacing Table Handles 
|-Beams for Flange Punching 


A new spacing table, designed to handle 
l-beams of varying weights and sizes for 
flange punching without any adjustment of 
the spacing table is in production at Beatt) 
Machine & Mfg. Co., Hammond, Ind. 

This handling of I-beams by the new 
spacing table is accomplished by carrying 
the beam on the underside of the top flange, 
which, regardless of the size or weight of 
the I-beam, is always at die level and free 
over the dies. Previously, I-beams 
rried on the underside of the bottom 

hich called for adjusting the rolls 

arying sizes of beams. 

2 beam is to be placed on the table, 

carrying the one set of rolls is 
oper means of an air cylinder. When 
the | is partially lowered, into the table, 
the is Closed by air cylinder, and the 
bean lly lowered until the underside of 
the flange rests on the roll. The 
spac able carriage is arranged to grip 
the ange of the beam for movement 
ne punching operation. 


fo pa Ss 
were 
flange 
to me 
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EX TAR? Sh — ; w 
EXPANSION FITTING 


ELIMINATES HYDRAULIC ARBOR PRESS WORK TO 
SAVE FINISH & TOLERANCES IN CRITICAL ASSEMBLIES 


Bowser speeds 
output, reduces 
damage and im- ... Cuts inspection rejects in bushing, sleeve, valve, 
inserts, liners, seals, bearings, races, gears, pins, 
collars, shafts, etc., and eliminates reaming be- 
cause super finishes are retained. Ordinary press 
fits require great pressures to obtain even 50% 
mating of parts. With Bowser expansion fitting, 
slight pressure attains excellent mating. 


proves product 


quality. 


L quid AIR y, 


Bowser mechanical, 
direct expansion re- 
rigeration attains 
—150° F. with fast 
B.T.U. removal at low 
cost. 





In addition to expansion fit- 
ting, Bowser chilling ma- 
chines are used for harden- 
ing cutting tools after heat 
treating to increase life be- 
tween grinding. 





Available 
NOW! 
IN 5 AND 11 
CUBIC FOOT 


Capacities 


..- Connecticut Man- 
ufacturing plant uses 
Bowser unit for hard- 
ening critical parts 
and in difficult bush- 


ing assembly. 





A typical Bowser user formerly used an hydraulic 
press to insert a bushing. Now, with '4 hour chilling, 
the part is tapped into location. Formerly 2 hours 
were required with tolerance damage. Bowser ex- 
pansion fitting takes 1!4 minutes without damage and 


Up to 1500% more 
cuts between grinds 
when tools are 
Bowser cold 


treated! 
bushings hold better to the extent of 5 tons pressure 


differential for removal. 


WRITE FOR COMPLETE INFORMATION 


Complete catalog data sheets with machine speci- 
fications are available. Write for complete set today. 


WHAT IS YOUR PROBLEM? BOWSER ENGINEERS MAY HAVE THE ANSWER 


BOWSER, INC. 


Gentlemen: [] Please rush complete set of catalog folders on industrial chilling machines. 


uJ 
[] Have Bowser representative call on us. 
(Bowser representatives are conveniently located in major cities.) 


1 e? MODELS 
» = FOR 
i Le LABORATORY 





AND 
INDUSTRIAL 
USE 








es 












BOWSER, INC. * REFRIGERATION DIVISION * TERRYVILLE, CONN. 


1M CANADA, &$. F. BOWSER, LTD. © 183 GEORGE ST. + TORONTO, ONTARIO 
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a costs go down 


when Hoffman Filtration 


goes into your plant. Hoff- 
man Filtration of wash oils, 
machine tool coolants and 
other industrial oils, length- 
ens life of machines, cutting 


tools and grinding wheels. 


Hoffman Filtration practi- 
cally eliminates pump trou- 


Continuous, self-cleaning vacuum 
filters in a wide range of sizes. 
Especially designed for grinding 
operations . . . operated with or 
without filter-aid powder. 


ble, bearing trouble and 
reduces wear and clogging 
on all moving parts on ma- 
chine tool as well as in filter 
operation. Expert Hoffman 
filtration engineers are 
available to help you deter- 
mine the filtration require- 
ments for your particular 
operation and design spe- 
cial models if necessary. 


Write for details today! 


MAC 1 N 
CORPORAT 
se e 223 Lamson St., Syracus 


COOLANT FILTERS + FILTRATION ENGINEERING SE 





Double Vat Hot Dip Tanks 
Thermostatically Contralieg 


For hot dip operations two 
of indirectly heated melting tan\ 
developed by Aeroil Product 
New York, N. J. The tanks ar. 
lated and thermostatically co 
that any temperature from 1() 
can be held accurately. 

The new tanks are built on the doubj 
boiler principle. They can be cithe, 
fired or electrically heated. Gas-fired unig 
are heated from the inside by means of 4 
patented immersion tube system. The eler. 
trically heated equipment is available 
both 40-gal. size installations 
with heating elements of 
capacity) and smaller 
capacity tanks. 

The 40-gal. gas-fired unit has a dipping 
space 36 in. long, 17 in. wide, and 1614 jr 


ew pr 
“he ee 
Co., Wey 
tully ingy. 
trolled 0 
to 550 F 


in 
\ Equipped 
portable 15-gal 


A tank from one of the two new groups of 

melting tanks for hot dip operations i: 

pictured here. These units, built on the 

double boiler principle, can be either xa 
fired or electrically heated 


deep. The overall tank dimensions are 5 
in. long, 22 in. wide and 31 in. loading 
height. 

The gas-fired units can use city, manv- 
factured, or bottled gas. Maximum operat: 
ing fuel consumption with the 40-gal. 
model is 24 cu. ft. per hr. of manufactured 
gas and 13 cu. ft. per hr. of natural gas 


@ A new melting pot for aluminum, whutt 


metal, zinc, etc., has been announced by the 
Kindt-Collins Co., 12651 Elmwood Ave. 
Cleveland 11, to meet the heavier ands 
which are being made on this type 2 
equipment with the rapidly expanding Us 
of these metals. This new melting pot has 
50-lb. capacity, and is normalized to preven 
cracking. Use of 2-man bale permits pou” 
ing of metal from same pot in which it W® 
melted. This minimizes agitation and 
duces porosity. 


MATERIALS & METHODS 










yew Line of Milling Machines 
Have Vibration Dampers 


ew hydromatic milling ma- 







A line OF A : 
ia pines with creased cutting capacity and 
: da, sper spindle speeds for high-speed car- 
lly ings ‘le milling has been announced by the 
INsy ! : 13) , . . ; . i 
olled incinnati Milling Machine Co., Cincinnati 





Like the superseded models, the new 
Fachines are Of bed-type construction, with 
yromatic table feed cycles, and infinitely 
rable hydraulic table feeds. 

Standard machines are built in plain and 
duplex styles, and in twelve sizes, No. 3-24 
(24-in. table traverse, 74/2 h.p.) to No. 56- 
00) 90-in. table traverse, 30 h.p.) 

An innovation in design is the vibration 











ae dampet construction of the overarm. This 
15-pal casting has a built-in unit which arrests 
BRB bration at the outboard end of the arbor, 
dipping reducing the need for supplementary sup- 
61 in Aa Port through the arbor support braces. 





A choice of seven ranges of spindle 
speeds are available. The highest group 
cataloged as “3rd High”) ranges from 
164 to 1225 rpm. for small spindle carriers, 
137 to 1000 rpm. for medium spindle 
carriers, and 110 to 820 rpm. for the large 
spindle carriers. Bight speeds are available 
within each range. 





Screw-Drum Washer and Dryer 
Adaptable to Many Jobs 


A new screw-drum type machine which 
can be used for washing and drying metal 
parts, rinsing and drying them, or any 


ips “i P ; 
4 part of these operations, has been announced 
+ the by Optimus Equipment Co., 267 Church 
r og Wan Ot, Matawan, N. J. 


[he new machine can also be adapted 
for a wash-drain, rinse-drain, cold or hot 
uf dry sequence, or for pickling operations. 

It is particularly designed to handle difficult 





‘ha rinsing and drying jobs involving screw 
° machine or small stamped parts. 

anu- 

erat: 

gal. 

ured 

gas 

ute T} b . Te : 

she i “pment washes, rinses and dries 
, machine and stamped parts. 

ve 

ol 

se The dryer end is completely closed to 

¢a fm Void loss. The air stream passes through 

ot fe 4 he and blower which provides for 

I either or cold air blast system. All parts 

aS of the machine are readily accessible for 

e- lubrication, maintenance or alterations. Cen- 


tre : . . . 
ralize ubrication may be provided. 
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For 
HOT FORGING 


FORMING 
COINING 






HIS self-contained HYDROLECTRIC Forming Press can 
do a big job for Hot Die-Forging or Forming... and 
do it well, automatically. 


The original 2,000-ton press of this model was designed 
for the forming of splice plates to size and shape from 
blanks, at a minimum production rate of five per minute. 


Standard equipment contains a _ centralized control 
system providing for full automatic, semi-automatic or 
manual operation . . . just by setting the selector switch. 
Also available is a special die-setting control providing 
sensitive platen movement. 


Outline your needs so that we may send descriptive litera- 
ture, or the advice of our engineers. R. D. Wood Company, 


Public Ledger Bldg., Independence Square, Phila. 5, Pa. 






HYDRAULIC PRESSES AND VALVES FQ) IRS © INTENSIFIERS 


















@ To protect against the ha». rd of exp| \ 


sion caused by flame failure in idustria! « 

burner installations, Combustion ¢, : | 
Corp., 77 Broadway, Cambrid 4) Mal 
§ » Magy, 


has announced a new photo Ctric 4 A fu 
a failure safeguard. When the flame tal por PF 
F fumes and gases accumulate and com: st 
. and combin - 
ica y =“wday 4 a * with air to form a dangerous hj shly yg, BU 
LM * : ‘sue plosive mixture within the 7 goed | 
Ee chamber. The flame failure safeguard » elie 


, gg: — ian ’ | said to provide for complete Protectiog amma!) * 

7 ne | against this danger. The Photoelectric - The | 

: : é “7 ‘a if * , “sees” that the flame has failed and ty, plied 
> Has f , off the fuel supply and the bur “Bins 


OMbustigg 


her, 
¢ lowe 
rank. | 
bess 
ba rticul 
ke cont! 
jotor~ 


LV ri 


Seam Welder Joins 00 
Strip Steel Coils 


A double roll seam welder for high-speed 
joining of coils where an overlapping joi 
is not objectionable but where speed jy 
linking coils of varying width is highly 
desirable has been designed by Thomyo 
Electric Welder Co., Lynn, Mass. For cop 
tinuous processing, coils must be joine 
during the brief interval gained by running 


Cast and use special refractory eo from the paid-out end of the 


Where considerable time is require 


4 | 4 24 4 : making the weld or adjusting for we 
5 apes in ess an ours & width, an arrangement such as a looping 
pit must be provided to accommodate th 
excessive slack. With this new welder, a 
Cast your own special refractory shapes with quick electronic timing device automatically 
. . . . handles adjustment f ryi vidth, 
hardening J-M Firecrete—right in your own plant— OAL, cack ice cia 
; gis The welder consists of a pair of seam 
and, you'll have them in service in one day. welding wheels mounted on a traveling 
; carriage, each wheel powered by a 125 Kv 
Firecrete mixes and pours as easily as concrete, hard- transformer. The carriage is actuated by a 
ens quickly with negligible spalling and shrinkage. oi 5 working through a soleno 
: ‘ P clutch and worm. 
Cast Firecrete in any shape you need—for furnace The speed of travel across the work 
covers and bottoms, door linings, baffle tile, burner constant, making welds of consistent six 
with no excessive heat at the starting point 
The weld timer is controlled by a pair 
* > ; : ‘ photo-electric cells mounted on the carriage 
Firecrete is available in three types: STANDARD over Lumiline light sources located beneath 
for temperatures up to 2400 F; H. T. for temperatures the level of the work. by: 
; ; . Welding current is applied when the @.,, 
. 7 y r r ~ r . . pre 
up to 2800 F; L. W. (light weight, low conductivity) lighe sdtesce is conceded tee tha-werk, ool TEE. 
for temperatures up to 2400 F. automatically cut off when the photo fea 
cells again pick up the beam on reaching Hy} 
eo 2 ste cide The 1S 4 e ro RK 
Prompt Service from your jJ-M Distributor the opposite side. The result is a double row Hi rc 
of closely spaced spot welds with the rows el 
5 in. apart. 


rings and other types of monolithic construction. 


You can get quick delivery of Firecrete from your 
authorized J-M Refractory Distributor. There are more 
than 300 strategically located Distributors who keep 
Firecrete in stock. 

JOHNS MANVILLE 


For further information about Fire- a 
@ A new torch attachment known as (ie Bie ¢ 


crete write for folder RC-17A, Johns- Flash Circle Burner has been develo} 
bd i. yr “ 4 yr > > . . _ y Va 
Manville, Box 290, New York 16, N. Y. _ = ! Sctentific Research Co., 1018 W. 
Ave., Dept. F-10, Portland 12, O 
cutting circles, curves or straight 
plate. It is designed for rapid and 





height and radius adjustment; it can 
in any position—vertical or horiz 
burns a minimum 2)4-in. circle to 
imum of 17 in. An extension fa 
with adaptor is available to make | 
circular cuts up to 10 ft. in dia. 





MATERIALS & METHODS 



















yew Line of Motor-Driven 
Hydraulic Arbor Presses 


of motor-driven hydraulic 


] lin 
; goo 25, 50, 60 and 75-ton capa- 
bes been announced by K. R. Wil- 
ies— 


f expla 
trial oj 
Consy 


“we proved 
our ability 
to be of 
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Ombing 1 Y. These presses are de- 

| flalo, N- %- sane edad ” 
hly ae high production units in order service eee 
ai Fieve heavier presses of short runs or 

lard ; p 

tetog pall work. h is made of hot 

ric cam The frame of the presses is sage WW. {f 


Bed plates are trussed with all 
ints electrically welded. The bed is raised 
lowered by means of a cable drum and 
rank. Since the frame is a weldment, most | 
ress dimensions may be changed to meet 
ticular problems. Operation of the ram 
. controlled by a motor valve control. The 
sotor-driven hydraulic pump used is a 
co radial type ranging in capacities from | 
1000 to 10,000 psi. 


piled steel. 





STUART OIL COMPANY 
REPRESENTATIVE 


TUrng 

















\-Speed 
joint 
bed ip 
highly 
OMson 
ft cOn- 
joined 
Ning 
ne old 


Pd for 












Weld 
Ping 
te the 
Pr, an 
tically 
seam 
veling 
) Kva 
by a 
noid 
tk is MiOne of a new line of hydraulic arbor presses 
$12 that are motor driven and of welded 
OINt construction. 
uit Of 
‘Tiage 
_ All units are equipped with a pressure 
b by-pass valve, permitting required tonnage | 
| " pressure to be accurately set and then | 
om maintained in successive operations. Another H 
rv ae is the spring actuated, return ram | pasate Aeinegene Bb ooet 
108 * ich returns the ram to the “open age part in solving a tough cutting problem. 
rows a instantly, when the control lever is No ‘‘panacea”’ for all metal-working ills, 
released. | Stuart Oil products must be used cor- 
rectly to meet specific requirements. In 
this instance, the right oil was being 
used, but without necessary dilution. Our 
background and experience in helping 
to solve scores of similar problems is avail- 
| able to assist you in analyzing cutting fluid 
requirements. Write for further information. 
the mn 4 Illustrated is one section of the completely equipped 
he @ Th D.c Cooper Co., 1467 S. Michigan | Stuart Metallurgical Laboratory, where the "Straight 
ied, Ave ¢ . Line to Metal-Working Efficiency” begins. 
wer ie ago 5, has announced a new | 
for Ma Portal tomatic steam cleaner. It cuts ® 
a oreasi m auto chassis, motors, floors, D A Stuart pil Co. 
ale g — and equipment. It burns fuel oil - ere cee LimiTeO 
gd oe dee eee ae 2145 SOUTH TROY STREET, CHICAGO 23, ILL. 
’ f the desired pressure it will operate 
ee tom ily without attention until the 
bor ME Peta is completed. Hourly fuel con- | sew wattle every Larrel 
_ ® YMption is between 2 or 3 gallons of | STUART y 


oil, 


APR] 1947 181 


DS 





DEPT. 8 


Require a Vacuum Tight Joint 
Between Glass and Metal Tubing ? 


@ Cerroseal-35 will do the job quickly and 
permit taking apart easily. 

The procedure: tin inside of metal tubing 
to depth of joint, using any flux. Wash off 
all flux. Tin outside of glass tubing by wip- 
ing molten alloy on tubing, which has been 
warmed to alloy’s melting point, about 244° 
F. Warm both parts to be joined to give an 
appearance of wetness and insert glass tube 
into metal tube. Flow excess alloy into joint 
to completely fill space and allow to cool. 
9 ana alloy film thickness — .002” 
to 4” 


Cerroseal-35 is one of a series of interesting 
and useful Indium alloys having very low 
melting temperatures. 


They are: Melting Temperature 
Cerrolow- 105 * 105°F 
-117 117°F 
- -136 136°F 
sd -147 * 147°F 
4 -174 174°F 


Melting Temperature 
Cerroseal- 35 * 244°F 
= - 25 * 294°F 
* Non-eutectic alloys—yield temperatures are 
those given. 


Suggested and actual uses: Fusible links in 
automatic fire alarm and extinguisher devices; 
in manual reset thermal switches for con- 
trolling processing; or for signalling rise of 
temperature, as in bearings; thermal satety 
controls in refrigeration, diathermy and elec- 
tronic equipment. As a proof casting medium 
for delicate machine work, Cerrolew-117 can 
be poured without fear of over expanding 
metal parts and shrinks but .0002” per inch 
after casting. 

Delicate soldering in smali instruments will 
not be disturbed if dial covers are sealed with 
one of these low temperature melting alloys. 





Describe your problem. Perhaps we can help. 





40 WALL STREET 


CERRO DE PASCO COPPER CORPORATION 
- NEW YORK 5, NEW YORK 


Makers of Cerrobase, Cerrobend, Cerromatrix, Cerrosafe and Cerrotru. 
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@ The gas generating unit 
Vapofier Corp., 10316 S. Th; 
cago 43, is now being used a 
firing atmosphere producers, y, ich are 

in connection with electric furnace br, 
ment. The unit, utilizing fuel . il, gener “ 
the gas, which is burned in th, combusi, 

chamber of the atmosphere seadead 
equipment. The resulting products of - 

bustion are then taken through condense, 
which remove the water vapor, and th 
resulting atmosphere is delive 


red to th 
furnace or oven under any desired Pressure 


TOduced } 
P St, Cy 
4 Means ¢ 


Portable Sheet Metal Brake 
Bends 20-Gage Material 


A new portable sheet metal brake, avail; 
ble in working widths of 31 in. and 49 ; in, 
to handle 20-gage material, is now being 
manufactured by Webb Machine & Toa 
Co., Imperial, Pa. Both models con, 
equipped with detachable stand. 

The folding bar is controlled by can; 
resting on leveling washers that perm 
even distribution of pressure. Cams a 
operated easily with the fingers; folding 
bar raises automatically when pressure js 


This bending brake bends up to 150 deg 
and is available in two models. 


relieved, and can be completely removed 
for bends that cannot be made with fixed 
bars. 

Bends up to 150 deg., including te 
a bend, can be made. Pan boxes 
up to 1-34 in. can also be produced, without 
any special adjustment. 


@ For applications of temperature measur 
ment, the Foxboro Co., Foxboro, Mass., ® 
manufacturing a line of instruments, know® 
as Dynalog, available with ranges betwee? 
—200 F and 2800 F, and for use wit 
thermocouples or electric resistance bulbs 
In addition to temperature applicatioa, 
they are also in use for the measurement o 
control of humidity, force, strain, P” 
speed, and many other process variables. 


MATERIALS & METHODS 
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Flectric Soldering Tool 
Requires No Preheating 


4 new model of their standard soldering 

1 ie being manufactured by Ideal Indus- 
oe en 1928 Park Ave., Sycamore, Ill. 
Operating on the resistance heating prin- 
“ole, the new unit is said to heat 20% 
er, has thumb switch for close heat 
ae is light-weight, portable, and can 
a for long periods of time without 
overheating. SP 

The complete unit includes a transformer 
or power unit and a soldering tool that op- 
erates lik 
saa with the tool completes the trans- 
ormer secondary circuit and causes the work 
heat. No preheating is necessary. Heat 
s produced between the electrodes of the 
soldering tool only. 

~ Handles of the soldering tool are made 
of plastic. Radiating fins isolate the mee- 
hanite jaws from the handles to prevent 
excessive heat conduction. The tool can be 
locked in any position for special applica- 
tions by tightening screw at hinge. Secon- 
lary leads are attached to the side of the 
‘aw for easy handling and cooler operation. 
The tool is intended where work be held 
a the jaws and heated—for example, in 
removing or applying solder lugs, sweating 
and unsweating copper pipe and fittings, 
soldering wire joints, etc. 

The unit is rated at 1000 watts and 
measures 1034 in. by 8 in. by 1034 in. 
verall. 


Portable Induction Heater 
for Weld Treatment 


A new portable induction heater manu- 
factured in units of 10 Kva. for preheating 
and normalizing for welding has been an- 


e a pair of pliers. Holding the’ 








ounced by Electric Arc, Inc., 22 Jelliff | 


Ave., Newark 8, N. J. 


The heater was developed primarily for | 


its flexibility and adaptability to a wide 
tange of applications and capacities, thus 


eliminating the necessity of stocking a/| 


number of heaters in several capacities to 
handle large and small work. The individual 
units of 10 Kva. each may be stacked on the 
ob to form groups of 2 and 3 units with 
capacities of 20 and 30 Kva., to obtain 
sufficient heater capacity for preheating and 
normalizing welded joints on pipes of 
larger diameters. The 30-Kva. group, for 


nstance, is capable of preheating a 10-in. 
pipe joint to 1300 F in 2 hr. 

Th heater is useful in a limited space 
and crowded conditions, and can be kept 
close to the work. The unit is complete in 
self containing power unit, contactor, 


neters and control supply. Heating current 


ge Output variations are brought 

a selector switch built into the 
unit itrolling pyrometers and program 
cont ts can be plugged into the in- 
eater in two polarized receptacles 
tding job temperatures and heat 
Polarized receptacles are also pro- 
C the inter-connection of the heater 
ips and for the power supply to 


CVC 
Vide 
Ink 
the 
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The TABER ABRASER is easy to operate 
.. «+ gives a permanent, accurate rating 


Duplicating—in measurable terms—the rubbing abrasion encountered 

in actual service, the Taber Abraser enables you to determine in 

advance the inherent surface wearability of paints, lacquers, plating, 

textile, leather, rubber, metals and many other materials. Saves time . 
required for wear performance tests—gives a per- 

manent, accurate value rating for research studies 

as well as for production control. 


YOURS on request — Manual explaining 
fully the Taber Method and the reasons 
why it pays to pre-test. (Also included— 
brochure on stiffness and resilience testing with the 


Taber V-5 Stiffness Gauge.) 


TABER INSTRUMENT CORP. 


108 Goundry St., North Tonawanda, N.Y. 


The Taber Test Proves What Wears Best! 


HOW THE WROUGHT BRASS 
INDUSTRY CONSERVES METAL 


No industry melting com- 




















mensurate tonnage* of vital 
metal can quite match the 
brass mills for conservation 
and low melting losses. The 
savings of metal total mil- 
lions of pounds; clearly the 
method they use is worth 


noting: 





Virtually all the brass 
mills in North America 





use the Ajax-Wyatt induction melting The accepted melting tool in brass roll- 
— = bw 1 pal ws gO xc ing mills throughout the world. 
with superior temperature control and AJAX ELECTRIC FURNACE CORP. 


unapproached economy of operation 
on high production schedules such as 1108 Frankford Avenue 
we have today. PHILADELPHIA 25, PA. 


* UPWARDS OF 5 BILLION POUNDS ANNUALLY 





AJAX inovction MELTING FURNACE 


WYATT 


ASSOCIATE AjAE METAL COMPANY, Non-Ferrous ingot Metals ond Alleys for Fovedry Use 
AJAX ELECTROTHERMIC CORPORATION, Ajax-Northrup High Frequency induction Furnaces 
COMPANIES: Ajax ELECTRIC COMPANY, INC., The Ajox-Huligres Electric Solt Beth Furnace 
AJAT ENGINEERING CORPORATION, Ajax-Tamo-Wyatt Alumi ing laduction Fureaces 
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Research Pays Off ENGINEERS 


ANNEALING silica ware is only one L A S Ts (0 M PANIES 
a 





step in Amersil’s research program 


designed to produce silica and quartz S0 (| al ES ) 


ware that lasts longer on the job. 


Amersil now offers an engineering 
service which includes development, 
research, design, controlled manufac- Engineers 


ture of major silica ware units, selec Dr. William A. Mudge has 2 
appointed director, technical servic 
under one contract—one responsibility. Si section, Development & Research Diy 

International Nickel Co., Inc. and Wj) 
If you have a problem involving ex- M liam F. Burchfield, assistant directo, 
treme temperatures and highly cor- tAY Dr. Mudge succeeds O. B. J. Fraser who 
i became assistant manager of that diyi. 


, ’ | sion. Mr. Fraser succeeds H. J. Pren;), 
touch with an AMERSIL engineer. who became vice president. Dr. Mudge 


tion and purchase of auxiliaries—all 





rosive operating conditions—get in 








joined International in 1920 and x 
prominent in technical society activities 
Mr. Burchfield has been with Interna. 

An K 4 ~ | | CO AY | | LY he sf ' ith | tional since 1925 and is a prominent 
a y i A ee 4ms x | technical society committeeman. Don 

| ENGELHARD | | ald J. Reese takes on added duties i: 

CHESTNUT AVENUE - HILLSIDE 5, N. J. | charge of field sections. H. J. Frase 


has been made a vice president. 


William D. Taylor, engineer of tests 
Lukens Steel Co., is now assistant 
metallurgical engineer, while Samuel 
D. Lemmon, assistant engineer of tests, 
becomes engineer of tests. Mr. Taylor 
was graduated from Swarthmore Col 
lege in 1936; Mr. Lemmon, from Penn 
sylvania State College in 1939 


Dr. Daniel S. Eppelsheimer has been 
made associate professor of metallurgi 
(XLO Music Wire) is avail- cal engineering at the Missouri School 
ng Spagna Rad 9: sod RANA of Mines and Metallurgy, Rolla, Mi 
from .003” (38,206 ft. to the a) \\ He will teach and research in ferrous 
Ib.) up to .200” (9 ft. to the War \\\ metallurgy and X-ray examination ot 
).). Produced with microm- ) Wa metals. He was formerly chief physical 
eter precision, this wire of . ii metallurgist and sales manager of 
a thousand uses — springs, APL Metal Hydrides Co. 
ee te ioe ain fi; William Kerber has been appointed 
ois: #4] vice president and general managet 
Hanna Furnace Corp. He was once 
deputy assistant director, WPB’s Steel 
Div. and later assistant to the presi- 
dent, Hanna Furnace Corp. 


Dr. Alfred J. Reis, Austrian-born 
and one of the world’s leading experts 
on X-ray diffraction, has been made 
research specialist in the Engineering 
Experiment station at Rutgers Uni 
versity, New Brunswick, N. J. H will 
conduct studies in the enginecring 
properties of materials and in powde! 
metallurgy. Previous studies have em 
COMP Rr! , braced metallurgy, catalytic gas reac 

|. “MASS. tions, crystal structure and X-raj dif- 
CHICAGO ‘es ANGELES fraction, spectrographic analysis, pig: 
ment colors, materials testing, appl: 





Johnson Steel Spring Wire 








MATERIALS & METHODS 
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cions of ultrasonics in chemistry and 
metallurgy, and the chemistry and spec- 
rroscOpy of flames. 


4. C. Meyers has been made man- 
wer, nickel department, Williams & 
Co, Pittsburgh, which distributes nickel 
for the International Nickel Co. For 
1) years he has helped develop the 
we of nickel in Castings. 

Dr. C. D. D’Amico has become man- 
ager, special steels department, Los 
Angeles plant, Joseph T. Ryerson & 
Son, Inc. He secured his Ph.D. degree 
in metallurgy from the University of 
Michigan in 1939, and has served as 
plant metallurgist, Rich Mfg. Co., 
Rattle Creek, Mich. 


George S. Evans has retired as metal- 
lurgist in charge of fused alkali prod- 
ucts for the metals trade, with the 
Mathieson Alkali Works, to continue 
with the company as a consultant. He 
joined the company as a metallurgist 
in 1925 and has been granted many 
patents involving railroad equipment, 
metal testing apparatus, cupola furnace 
equipment and processes; also use of 
alkalis in metallurgy. He is author of 
many technical articles and is a tech- 
nical society member. 


Dr. W. L. McCracken has become 
director of research and manager of 
alkali manufacturing by Detrex Corp., 
Detroit, his activities covering both 
industrial metal cleaning and dry- 
cleaning divisions. He holds three de- 
grees and is a member of two chemi- 
cal societies. 


Arthur McCutchan has been ap- 


pointed senior research engineer, prod- 


uct engineering and research depart- 
ment, Tube Turns, Inc., Louisville, Ky. 
He is author of numerous articles on 
piping. 


Harold M. Patterson, for three years 
Manager, Taunton Works, General 
Electric Co., Plastic Div. has been 
made engineering manager, that divi- 
ion, being succeeded by Frank Gim- 
vette, mechanical engineer, Plastics 
Div. Mr. Patterson joined G.E. in 1929 
aS a product engineer. 

‘ 


Dr. William Marshall Nelson has 


B ined Traubee Products, Inc., Brook- 


‘ya, N Y., aS metallurgist, having re- 
“flved his doctorate in metallurgy at 
‘olumbia University. Recent  affilia- 
“ons | been with Brewster Aero- 
nautical Co. and Reynolds Metals Co. 


John L. 


Abbott recently 


joined 








SAUNDERS GAS FIRED OVENS 


THREE SIZES AVAILABLE 


Wax Elimination— 
Tool Hardening 





SAUNDERS #3W OVEN 


Heavily insulated, angle iron frame gas fired BUZZER 


Atmospheric burner 
Inside working dimensions: 18” x 18” x 12” high 


Overall dimensions: 30” wide x 38” deep x 46” high 


Temperatures to 1800°F 
without blower 


Developed to meet the needs of the 
precision casting industry, these 
ovens can be used for work 
requiring open flame annealing tem- 
peratures up to 1800°F 


With Brown Single point indicating 
pyrometer controller and stand, 


crated 
F.9.B., New York $507.50 


With Indicating Pyrometer and 
stand, crated 


F.0.B., New York $345.00 


These ovens are an important piece 
of equipment for precision invest- 
ment casting. For related equipment 
write: 


ALEXANDER SAUNDERS & CO. 


Succ. to J. Goebel & Co.—Est. 1865 
Precision Casting Equipment and Supplies 


95 BEDFORD STREET 


NEW YORK 14, N. Y. 
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Rall. Assay Corse 


SAVE ELECTRIC POWER 


A ball-bearing roll-away cover saves from 20% to 50% electrical power 
input—an exclusive feature designed and built into every Dempsey Immersed 


Electrode Furnace. 


Heat treaters really like this feature. Cover rolls back with practically finger- 
tip effort—giving better and more comfortable working conditions. Another 
example of designing by Dempsey Engineers that makes for greater efficiency 
and economy in all Dempsey Heat-Treating installations. 

Send us your Heat-Treating problems—there’s a Dempsey representative near 


you—wire, write or phone—no obligation. 
Write Dept. 2 


FURNACES: Oil-Gas-Electric-“TAILORED” by DEMPSEY 
Meet every Heat Treating Need 


EMPSEY INDUSTRIAL FURNACE CORP. 
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Cleaning baths made up with Metso in- 
sure chemically clean surfaces to take 
flash plating that sticks tight. Here's why FOR 


—Metso crystalline silicates* contain the DIE CASTING 
properly balanced combination of alkali- 
PLATING 


silica. No excess alkali or silica to attack 
the casting or leave a deposit. THAT North American Philips Co, Inc 
application engineer in the Indus 
HOLDS.... X-ray Div. He was employed } 
Wright Aeronautical Corp. from 194) 
to 1946 as senior metallurgist. 


Ralph E. Gordinier has been max 
chief research and design engine, 
Eco Engineering Co., Newark 1, make 
of gearless pumps. He has served x 
mechanical engineer and machine ¢.. 
signer with the Buick and Ford mot, 
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Results of recent careful investigation 
proving this statement will interest you. companies. 


Ask for a copy of the report describing Roy Farquharson has become x. 
the tests. sistant chief engineer, Pioneer fp. 
gineering & Mfg. Co., Detroit. He hy 
had over 20 years’ experience design 
ing tools, dies and fixtures. 


John Baldwin has been made assis. 
tant chief engineer, Weatherhead (, 
Cleveland, directing project engineer. 
ing, drafting and design. B. R. Tere 
has been made laboratory director 





* Sodium Metasilicate U. $. Pat. 1898707. 
Sodium Sesquisilicate U. $. Pats. 1948730, 2145749. 


PHILADELPHIA QUARTZ CO. 
Dept. C, 125 S. Third St., Phila. 6 


Companies 


The Crucible Steel Co. of America 
is launching a two-year program of 
plant expansion costing $30,000,000 
New mills for large scale production of 
stainless steel sheets and strips ate 
being installed; also expanded produ: 
tion facilities for bars, rods and special 
shapes. 


The Babcock & Wilcox Co. also has 
a two-year program, involving $1,500; 
000 for machinery replacement ant 
improvement at its plant at Barbertor, 
Ohio. All types of shop equipment 
and machine tools will be purchaset, 





... acclaimed as the finest machine of 


WATCH FOR THE 


FINELT 
MOLD KIT 
coming soon! 


its kind. A versatile, precision-made 
unit, ideally adapted to wax injection 
into both rubber and metal molds... 
can be used as either a hydraulic or 
air-pressure operated unit. 


Check these features against any 
other wax injector on the market: 


® Hydraulic or air-pressure operation 

® Positive temperature control to within two degrees 
® Positive pressure control to a fraction of a pound 
® Cemplete control over the quantity of wax injected 
® Complete visibility of temperature and pressure at 


all times 


@ Full two-quart capacity 

® Designed for rapid wax pattern production 

® Designed for simple fool-proof operation 

® Available for operation on any type of electric 


current 


Write for complete catalog 


\QH® “ W. 48th ST. » NEW YORK 19 + DEPT. M 








not only to increase plant capacity but 
to improve quality of products. 


William L. Batt, president, SKF 
Industries, Inc., ended six and a bul 
years of service in the Federal Govert: 
ment on Feb. 12 when his resignation 
as chairman of the Inter-Agency Com: 
mittee on Rubber was accepted by the 
White House. He had previously beet 
awarded the Medal for Merit by Presi: 
dent Truman. 


Westinghouse Electric Corp. wil 
take over operation of the Sunnyvale 
Calif., plant of the Joshua Hendy Iron 
Works under a lease arrangement. Or 
ganized in 1856 as a metal fabricating 
concern, Joshua Hendy employec 9,000 
at its wartime peak. Hendy will com 
tinue operations at its plants at Tor 
rance, Calif., and Ampere, N. J. 


Non-Ferrous Foundries, Inc., 22nd®& 


MATERIALS & METHODS 
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PROCESS 
EQUIPMENT 


NON-CORROSIVE 
Through and Through 


NOT A 
LINING 


NOT A 
COATING 


isa solid structural material 


Itis a molded plastic, resistant 
throughout its entire mass to practi- 
all acids, bases and salts; 


cally to 


chlorine, many solvents and other 


schemicals except those of a highly 


oxidizing nature. 

HAVEG equipment is molded in 
light, inexpensive molds into many 
strong, durable shapes with seam- 
less, solid walls. Tanks, for instance, 
are molded in one piece 10’ in di- 
ameter and 12’ high. 


No process equipment 
buyer or user should be 
without complete informa- 
tion on HAVEG equip- 
ment. Send for Bulletin F-4. 
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mS 
HAVEG 


FE N 
CORPORATION 


NEWARK 25,DELAWARE 





CLEV LAND CHICAGO DETROIT LOS ANGELES 


Sherman Drive, Indianapolis, has in- 
_cial heat treatable copper alloy castings 


Inc. Such castings are appropriate for 


|Magnolia supplies the metal, 
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stalled facilities for production of spe- 
under license from P. R. Mallory Co., 


electrical and resistance welding appli- 
cations. 





Magnolia Metal Co., 18 W. Jersey 
St., Elizabeth, N. J., has acquired the | 
Evans Engineering Co., Waukesha, 
Wis., producer of a sleeve bearing in | 
which the lining, or bearing metal, is | 
permanently “fusion bonded” to the | 
shell. arrangement | 
with | 


Under the new 


Evans fabricating. 


The Berger Mfg. Div., No. 2 plant, | 
Republic Steel Corp., Canton, Ohio, 
has virtually completed an extensive 
reconversion program, from sheet metal 
aircraft parts in wartime to steel 
kitchen cabinets. Because of steel short- 
age, production is at 50% capacity. 


Research fellowships totaling $20,- 
500 have been awarded to 14 graduate 
students by the General Electric Edu- | 
cational Fund. Awards are granted an- | 
nually to graduates of colleges and | 
technical schools who show promise. 


One of the largest orders for uni- | 
versal testing machines ever placed | 


with any U. S. company is now being 
delivered by the Baldwin Locomotwe | 
Works to the Pittshurzh Testing Lab- 


oratory. 


rials. 


The A. R. D. Corp. has removed en- 
gineering offices and laboratory to en- 


larged quarters at 157 Chambers St., 
New York 7. 


Leo N. Rich, Inc., industrial consul- 
tants, have opened offices at 1 Wall 
St... New York, to correlate economic 
and marketing research, industrial de- 
sign and public relations. 


The Kimble Glass Co., recently ac- 
quired subsidiary of Owens-Illinois 


Glass Co., will hereafter be known as |} 
Owens-lllinots | 
with general offices at Vine- | 


the Kimble Glass Dw., 
Glass Co., 
land, N. J. 


Allegheny Ludlum Steel Corp. is 
making a complete survey of its gas- 


fueled equipment to convert to oil to | 


prevent future shut-downs from gas 
shortages. 


Bradley Paint Engineers, Inc., Jones 
Law Bldg., Pittsburgh, is a new concern 


y. The six machines are of the | 
Baldwin-Tate-Emery type for tension | 
and compression tests on various mate- | 
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BRICKSEAL 


REFRACTORY COATING 


Pestste 


ABRASION 


ROTECTION against abrasion is an 

outstanding advantage of Brickseal. 
Here are two refractory bricks, one 
coated with Brickseal, the other un- 
coated. They were heated to more than 
2000°, taken directly from the furnace, 
cooled and shoved against an emery 
wheel. Hot and cold, the Brickseal- 
treated brick resisted the abrasion — see 
below. 


Brickseal consists of high fusion clays 
and metal oxides combined in oil. Fur- 
nace heat burns away the oils and vitri- 
fies the clays and metals which penetrate 
deeply into the pores, cracks and joints. 
Brickseal prevents cracking, spalling 
and slagging regardless of sudden tem- 
perature changes. Brickseal is also a 
mortar for laying up refractory walls. 


Compare the Brick. 
seal-treated brick at 
the left to the un- 
treated at the right. 





on your 
emery wheel 


Two bricks bonded 
together and par- 
tially coated with 
Brickseal will be 
mailed to you on 
request. 


BRICKSEAL 
REFRACTORY COATING 


5800 So. Hoover St., 
1029 Clinton St., 


Los Angeles, Calif. 


Hoboken, New Jersey 











This SPRAY GUN ’ ENGINEERS 


COMPANIES 
melts and sprays Bas: 


LOW MELTING TEMPERATURE 


that will specialize in “paint engined 110107 
ing,” combining chemistry an ,jmmo-m™ 
chanical engineering to develop symose ' 
The Fiore Alloy Sprayer coatings for industry and equipmer, e tit 
handles a wide range of apply it. n Inte 


alloys and metals that The Freeport Sulphur Co. ha cal : 
melt at 100° to 600° F. quired assets of the estate of the, 
Precision control of spray U. C. Tainton, metallurgist and | Und 
over wide range. Infinite ventor, among whose inventions dq et 
detail can be reproduced. processes for production of electrojyiimetibit 
Reproducing Parts zinc, electro-galvanizing steel prodycgammergest 
Producing Molds for Electro Forming and metal cleaning processes. ug. ; 
Producing Molds (for Lost Wax Process) The Toledo plant of E. W. Blis; im Me 
Making Dies has undergone extensive re-equippi je 
Also Used For: for manufacturing medium and |die > 
Coating Wood Patterns power presses. Included are a we 
Spraying Selenium Rectifier Cells cupola and blower arrangement, tig The 
And Many Other Uses and temperature controls, and testigimmpinee! 
equipment to produce Meehanite ir 





Long, maintenance-free production service one of the many features. 


For complete information write to: Societies 


METALOY SPRAYER COMPANY | | _ ™ Kvsisosis, vie pesisenad 


eral manager, Lynchburg Foundry ( 
135 LIBERTY STREET NEW YORK, N. Y. | has been nominated for president 
MS-4 | American Foundrymen’s Assn. in 14) 
48, to succeed Sheldon V. Wood, who 
term expires in July. William } 
Wallis, president, Pittsburgh Lect 
melt Furnace Corp., is named for vid 
resident. The 51st annual conventiot 
A ee ee oe will be held in Detroit, April 281 
“THE METALLURGY OF QUALITY STEELS” | May 1. The aluminum and magnesiu 
By CHARLES M. PARKER | division research committee will Spon 
| sor a fundamental study of the hydra 
lics of metal flow in a mold, with th 
idea of establishing proper size a 
Engineers, plant men and student metallurgists | shape of sprues, gates and runners fo 
who expect to have much to do with the using, | non-turbulent flow. 
handling or making of modern steels, will find a 
clear and simple introduction to the subject in this 
short, down-to-earth review of the practical funda- 
mentals of modern metallurgy. 








Secretary, General Technical Committee 
American Iron and Steel Institute 


George N. Sieger, president, S-M4 
Corp., Detroit, has been made pres 
dent, Resistance Welders Mfgrs. Ass 
having been active in publicity am 
The author's unusually complete technical back- | promotional work for the association 
ground lends authority to the interesting and | 
concise discussion of such essential topics as: | Dr. Anderson W. Ralston, whos 


(1) The general nature (including the crystalline and atomic : work at the Armour Research Labo 
structure) of steel tories, Chicago, resulted in extenditf 
(2) The different classes of steel, according to method of | the nation’s failing iron ore supplies 
: oan goat P a a Ce | for at least 150 years, is named thé 
YD | r open 2art 5 Go . . . — 
(3) Typical production practice for open hee ap acetal a winner of the 1947 Midwest Awaté 
electric furnace steel ; ES 
4) ingot end rolling mill practices St. Louis section, American Chemis 


(5) The effects of alloys Soctety. 
(6) The metallurgy of steel treating 


7) The new concept of hardenability ar ‘ cea Raymond L. Collier has b 

significance pointed executive secretary, G 

(8) Standard steel grades and their properties and uses, etc Founders’ Society, Inc., Cleve ( 

250 Pages Ilustrated Price $6.00 | of March 1. He formerly occupied # 
| similar position with the Stee! [ow 

REINHOLD PUBLISHING CORPORATION ers’ Society of America, witl which 

330 W. 42nd St. . New York 18, WM. Y. | society he was identified for ovet » 


years. 








The Broaching Tool Insti 
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Place, New York 6, offers three 


NPine rinity . 
A Wi¢.nm. motion picture sound films to 
i 


rose interested for public showings. 
e titles of the films are: “Broaching 
Internal Keyway,” “Single Ram Ver- 
cal Surface Broaching” and “Double 
am Vertical Surface Broaching.” 


Under auspices of the British Engs- 
ors’ Assn., a engineering and marine 
rhibition will be held in London's 
prgest exhibition building, Olympia, 
ug. 28 to Sept. 13, being the first of 
e series since 1937. The society is 
he national association of the princi- 
| engineering manufacturers in Great 
sitain, and was founded in 1912. 


) Sper) 
Ment 


has ; 
the |; 
ind 
1S Wey 
trolyy 
rodug 


liss (| 
Lippig 
1 larg 
a ie 
t tin «The Association des Ingenieurs (En- 
rineers) Of Belgium will celebrate its 
entenary at Liege, Aug. 30™to Sept. 
3. The congress and exposition will 
be divided into 14 sections, includ- 
ng metallurgy, mechanics, electricity, 
It-gelimehemistry and civil engineering. 


eC ifog 


ue Steps are being taken to unify and 
0, ge minate duplication of effort between 
j e Society of the Plastics Industry, 
who ' 
m Wa” and the Socsety of Plastics Engt- 
ecnmeee’”:, The matter is in a status of live 
ra planning. 
entiogmm The Thomas Alva Edison Founda- 
28 qmon has been newly incorporated “to 
esiugm™xcep alive and active the genius exem- 
spongmm—plified in the life, accomplishments and 


draugmmedeals” of Edison. The planners hope 
h chgmmo raise $2,590,000 to carry out a 
> animmenree-fold objective. Henry Ford will 
rs foqmmperve as honorary chairman of the 
roup of industrialists, scientists and 
MaEecucators sponsoring the foundation. 
arvey S. Firestone, Jr. is national 
{oneetman of a fund-raising project. 


af The motion of atoms in metals will 
be studied at Stevens Institute of Tech- 
nology under sponsorship of Naval Re- 
Bearch. The purpose is to understand 
Petter crystallization under vibration, 
t work hardening.” Radioactive trac- 
fs will follow the motion of the atoms. 
Stevens will also study metal powder 
echniques, sponsored by the Office of 









nil echnical Services. Department of 
Commerce. Particle size. sintering 
apfaethods, chemical composition, density 
Iron and ot factors will be probed 
, For year beginning in the sum- 
od WeMer or tall of 1947, Battelle Memorial 
pnd Sti Columbus 1, Ohio, will ap- 
ich ePOInt a few predoctoral fellows and 
IS MPostdoctoral associates to conduct fun- 
dament investigations. Fellows re- 


“(Me'Ve a stipend of $1200 a year. 


APRI] 





Ds 1947 








The American Standards Assn. has 
elected the following six directors: R. 
L. Pearson, New Haven Railroad; Cur- 
tis W. Pierce, National Fire Protection 
Assn.; J. H. Hunt, General Motors 
Corp.; J. H. McElhinney, Wheeling 
Steel Corp.; R. Oakley Kennedy, for- 
merly of Cluett, Peabody; and Auguste 
G. Pratt, Babcock & Wilcox Co. 


President Truman has called a na- 
tional conference on fire prevention to 
meet in Washington May 6 to 8 in 
view of the average annual toll of 
10,000 deaths from fire and a property 
loss of over $560,000,000 in 1946. 
Conference headquarters are at Room 
7006, Federal Works Bldg., Washing- 
ton 25. 


The Diesel Engine Mfgrs. Assn., | 
N. La Salle St., Chicago 2, is arranging 
an intensive, one-week educational con- 
ference for college professors who teach 
Diesel Engineering during the week of 
June 23 at the Hotel La Salle, Chicago. 





Meetings and Expositions 


SOUTHERN MACHINERY & METALS 
EXPOSITION. Atlanta, Ga. April 
14-17, 1947. 

OPEN HEARTH, COKE OVEN, BLAST 
FURNACE AND RAW MATERIALS 
CONFERENCE. Cincinnati, Ohio. 
April 21-23, 1947. 

AMERICAN ZINC INSTITUTE, annual 


meeting. St. Louis, Mo. April 
28-29, 1947. 

AMERICAN FOUNDRYMEN’S ASSO- 
CIATION, national convention 
Detroit, Mich. April 29-May 2, 
1947. 

NATIONAL PLASTICS EXPOSITION. 


Chicago, Ill. May 6-10, 1947. 

SOCIETY OF THE PLASTICS INDUS 
TRY, annual meeting. Chicago, Ill. 
May 6-10, 1947. 

SOCIETY FOR EXPERIMENTAL STRESS 
ANALYSIS, annual meeting, Chi- 
cago, Ill. May 15-17, 1947. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Oil and Gas 
Power Division meeting. Cleve- 
land, Ohio. May 21-24, 1947. 

MID-AMERICAN EXPOSITION. Cleve- 

' land, Ohio. May 22-31, 1947. 

AMERICAN INSTITUTE OF MINING 
& METALLURGICAL ENGINEERS, 
Metals Technology Regional Con- 
ference, Boston, Mass. May 23-24, 
1947. 

INSTITUTE OF THE AERONAUTICAL 
SCIENCES, spring meeting. De- 
troit, Mich. May 26-27, 1947 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, aviation division 
meeting. Los Angeles, Calif. May 
26-29, 1947. 

METAL POWDER ASSOCIATION, 
spring meeting. New York, N. Y 
May 27, 1947. 




















Try This 
DAKITE 
Way to Clean 
and Derust 


— Steel Castings 


FEWER REJECTS 
FASTER PRE-PAINT PROCEDURES 
SMOOTHER-FLOWING 


PRODUCTION 
You can add these money- 
saving advantages to your 


production score by using an 
economical solution of 
thorough-acting 


OAKITE 
Compound No. 36 


for cleaning, derusting and 
preparing for painting a wide 
variety of steel castings and 
fabricated parts. This bal- 
anced, phosphate-type deter- 
gent removes light oils, grease 
and rust . improves paint 
adhesion and resistance to 
corrosion. Solution lays down 
a paint-holding, inert coating 
of insoluble phosphate salts. 


LOW-COST, three-way treat- 
ment with Oakite Compound 
No. 36 may be applied by 
hand, in hot tank, or by 
fiow-on method using proper 
equipment. For complete ap- 
plication data, ask your 
Oakite Technical Service Rep- 
resentative. He will gladly 
work out test runs in your 
plant. His services are free, 
without obligation. 


OAKITE PRODUCTS, INC. 
32H Thames Street, NEW YORK 6, N. Y. 


Technwal Representatives in Principal Cities of U.S. & Caneda 





Specialized Industrial Cleaning 
MATERIALS © METHOOS © SERVICE 
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IT DOES THE JOB OF SOLID SILVER 


Ket HE Yours at Low Casi. 











SILVER 
GVYERLAY 





eR on CR 


OOUBLE 
EDGELAY 


You needn't worry about today’s high silver costs because 
you can use General Plate Laminated Silver Metals and get solid 
silver performance at a fraction of the price of solid silver. 


Here’s how you save money and get the desired performance 

characteristics, too. General Plate Laminated Metals are made by 

permanently bonding thin layers of silver or other precious metals 

to thicker inexpensive base metals. Thus you get the precious metal performance 

at a cost slightly higher than the cost of the base metal. 

Among the advantages of General Plate Laminated Metals, you get better electrical 
conductivity, high corrosion resistance, workability, ease of fabrication, better 

spring properties, long wearing life and structural and mechanical properties not obtainable 
with single solid precious metals. 

General Plate Laminated Metals are available in sheet, wire and tube form with precious 
metal on one side, or both sides in practically any combination. 


Investigate the advantages of General Plate Laminated Metals, today. 


Wire for information. 
GENERAL PLATE DIVISION 
of Metals and Controls Corporation 
ATTr.-espoROeO, MASSACHUSETTS 


50 Church St., New York, N.Y.; 205 W. Wacker Drive, Chicago, Ill.; 2635 Page Drive, Altadena, California; Grant Bidg., Pittsburgh, 
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by T. C. DU MOND 


Mutual Admiration Society 

The American Iron & Steel Insti- 
tate publishes a beautiful house organ 
called Steelways. We are especially fond 
of it since we number its editors among 
our fine-tooth-comb readers. We ap- 
proach Steelways in the same fashion. 
The result is that one or the other of 
us comments upon something the other 
said. This leads in turn to the party 
of the first part making a rebuttal com- 
ment. Further comment then . . . but 
let's stop right now. It's all very 
friendly, but perhaps a little confusing. 
Anyway, we like Steelways. 


Good Use for Old Books 

If you need an inspiration to make 
you clean out your technical library to 
make room for the countless new pub- 
lications now becoming available, here 
it is. There is a desperate need for 
such books in many countries of the 
world. The American Book Center for 
War Devastated Libraries, Inc., makes 
a fervent plea for any technical book 
or magazine published during the last 
10 years. Books and periodicals they 
collect are to be shipped to those 
European and Oriental centers whose 
libraries were destroyed or depleted 
during the war. During the past year 
700,000 volumes were shipped for that 
purpose. Send your books and maga- 
zines—technical or scholarly only—to 
the American Book Center, c/o Library 
of Congress, Washington 25, D. C. 


Please Patronize Our Friends 
Years ago it was rare indeed that 
any magazine reached your hands that 
did not have printed on every adver- 
tising page some such plea as: “When 
writing our advertisers please mention 
Super-Dooper Stories.” In recent years 
we have become somewhat more sub- 
tle. Some publications—and some ad- 
vertisers—devise key addresses by 
which they trace the source of in- 
quiries. When it comes time to tot the 
score those publications with the most 
gold stars get the future business. Far 
be it from our minds to suggest that 
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you plug M & M when writing to our 
advertisers. What we would like to 
ask is that you not use another publi- 
cation’s address when taking action 
upon inspirations gained in this jour- 
nal. If this be commercial, make the 
best of it, for if it were not for the ad- 
vertising in a magazine little of the 
valuable material now available would 
ever see the light of day, for the ad- 
vertising pages are the beasts of burden 
which carry the cost of the technical 
articles. 


Editorial Luck 

For many years the Saturday Even- 
ing Post has bragged about the kindly 
fates which steered it into publishing 
the right article at the right time. Now 
we are beginning to learn how they 
feel. On page 73 of our March issue 
there began an article on “Printed 
Electrical Circuits.” At just about the 
same time the popular science writers 
began describing this development in 
the newspapers. To make our chop- 
licking even more tasty, the Bureau of 
Standards lists this as one of the three 
most important developments in which 
they played a part during the war. 
Number one, of course, was the atom 
bomb. Could it be that more than luck 


was involved? 


They Fly Through the Pages With 
the Greatest of Ease 

Some scholars much more learned 
than we have determined that the little 
letter “e” is the most frequently used 
letter in the English alphabet. Perhaps 
that is why some authors overwork 
the poor character. We know at least 
one who injects an “e” in every possible 
place, perhaps on the assumption that 
it's better to be safe than sorry. We 
have one special pencil reserved to 
delete wayward eee’s. The chances are 
that we come out even, for in our 
zealous fervor we may recklessly yank 
an “e” out of its natural habitat as 
often as we let it stay where it doesn’t 
belong. 


Some Hope in Prices 

The steady rise in price of some 
ferrous metals leaves us dizzy, x 
seems to be having somewhat the 
effect on the country in general, 
though the results were somewhy 
tile, two companies recently sacrif 
their Own interests to protest this 
healthy trend. Finally, conditig 
forced them to meet existing pry 
However, we feel that Kennecott 
per and St. Joseph Lead will be any 
the first to-reduce prices again 
conditions look ripe. Some produg 
say the situation is decidedly peri 
and that every time metal prices go 
one cent, the stock market goes & 
two dollars. 


Needs Anticipated 

Apparently the two features on pk 
tics in this issue are going to be hej 
ful to a great many people. Requs 
made on returned questionnaires cm 
tained many questions like 
“What's the price and supply situ 
tion?” “How do you tell which plas 
is which?” “What should the differ 
plastics be used for?” These are on 
a few, but the answers to the thr 
cited and to many others are listed! 
these two articles. 


Hidden Talent 

Sometimes—we feel — technic 
magazines tend to become too seriou 
stuffy and, upon occasion, downrigh 
dull. To avoid such charges agaiss 
M & M we have started the use 4 
editorial cartoons to bring out pert 
nent points in certain types of artic 
The first such cartoons appeared | 
March and they are continued in & 
lead article this month. As so oft 
happens, we searched long and futile 
for someone to supply such artistl 
help. Finally, we tried our art depart 
ment. Right! As so often happens, ' 
found the ideal talent in our own back 
yard. Lugi, we call her, and we prom 
ise her as well as you some good att 
cles to work on in the future. Watt 
for them. 
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